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CARL  R.  iMOORE 
1892-1955 


ON  OCTOBER  10,  1955  death  came  to  Carl  R.  Moore  at  the  peak  of 
a  distinguished  career  as  a  scientist  and  teacher.  In  his  sixty-three 
years  of  life  he  had  risen  to  a  position  of  eminence  in  his  chosen  field  of 
endocrinology.  This  eminence  he  attained  relatively  early. 

As  a  young  boy  he  lived  on  a  Missouri  farm,  a  period  which  he  loved  to 
recall;  his  early  schooling  was  in  Springfield,  Missouri — his  degrees  of  B.S. 
and  M.A.  were  obtained  there  from  Drury  College  in  1913  and  1914.  He 
then  came  to  the  University  of  Chicago  to  study  for  a  Ph.D.  degree  with 
Frank  R.  Lillie,  and  after  the  degree  was  conferred  in  1916  he  remained  as 
a  member  of  the  Zoology  Department  and  later,  as  its  chairman  until  his 
death. 

Moore’s  first  publication  his  thesis  was  on  fertilization  and  partheno¬ 
genesis  in  the  sea  urcliin  Artmcia,  but  at  Lillie’s  suggestion  he  turned  to  the 
])roblem  of  the  freemartin  and  the  role  of  sex  hormones  in  sex  ditferentia- 
tion.  The  freemartin  became  a  leitmotiv,  so  to  speak,  in  all  his  subsecpient 
work,  and  it  was  never  far  from  his  thoughts  although  much  of  his  most 
significant  research  did  not  bear  directly  on  the  problem.  He  himself,  in 
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retrospect,  divided  his  studies  into  three  periods — an  early  one  dealing 
with  sex  gland  transplantation,  castration,  vasoligation,  cryptorchidism 
and  scrotal  function;  a  second  in  which  bioassay  methods  for  male  hormone 
were  developed  and  hormone  effects  and  interrelationships  were  studied, 
and  a  third,  when  synthetic  sex  hormones  were  available,  in  which  he  ap¬ 
proached  the  problem  of  sex  differentiation  by  treating  pregnant  rats  and 
pouch  young  opossums  wdth  sex  hormones  and  by  gonadectomy  of  young 
opossums. 

The  most  important  contributions  among  his  eighty  or  so  major  publi¬ 
cations  w'ere  made  in  the  two  earlier  periods — a  time  when  the  field  of  en¬ 
docrinology  was  rapidly  developing  and  there  was  a  wealth  of  new  and  ex¬ 
citing  facts  only  waiting  to  be  discovered  and  new  theories  to  be  formulated. 
It  was  here  that  he  first  made  his  mark  and  established  his  scientific  stat¬ 
ure.  His  findings  not  only  advahced  materially  the  understanding  of  en¬ 
docrine  problems,  but  they  influenced  and  stimulated  extensive  research 
in  ever  widening  fields.  He  did  not  solve  the  original  problem — the  free- 
martin — but  he  accomplished  far  more.  The  work  that  he  did  along  the 
way  established  some  of  the  most  fundamental  concepts  of  endocrinology. 

The  value  of  his  work  was  widely  recognized  and  he  received  many  hon¬ 
ors  and  awards.  Among  them  were  membership  in  the  National  Academy 
of  Sciences;  the  Francis  Amory  award  of  the  American  Academy  of  Arts 
and  Sciences,  1941;  the  award  of  the  American  Urological  Association, 
1950;  the  medal  and  certificate  of  award  of  the  Endocrine  Society,  1955; 
an  honorary  D.Sc.  degree  from  Drury  College. 

He  found  time  in  his  busy  life  to  serve  on  the  editorial  boards  of  several 
journals  and  on  committees — especially  the  Committee  for  Research  in 
Problems  of  Sex,  of  the  National  Research  Council.  He  was  vice-president 
of  Section  F  of  the  A  A  AS  in  1943  and  president  of  the  Endocrine  Society, 
1944-46.  He  gave  generously  of  his  time  and  energy  to  the  many  graduate 
students  who  came  to  Chicago  to  work  with  him. 

It  is  impo.ssible  to  separate  in  his  personality  Carl  Moore  the  man  from 
Carl  Moore  the  scientist.  His  scientific  interests  were  his  life.  Enthusiastic, 
dynamic  and  vigorous  until  his  long  illness  sapped  his  strength  and  robbed 
him  of  initiative,  he  put  almost  all  of  himself  into  his  research,  his  teaching 
and  his  department.  But  if  he  was  a  devoted  and  ambitious  scientist  he 
was  not  a  cold  and  remote  one.  His  personality  radiated  warmth,  kindli¬ 
ness  and  personal  interest  for  others.  He  was  a  man  of  firm  convictions 
which  he  stoutly  defended  but  he  was  not  bitter  nor  petty  in  his  attitude 
toward  those  who  disagreed  with  him.  .\s  a  teacher  he  was  enthusiastic  and 
inspiring;  as  aii  administrator  he  was  fair  and  just  ;  as  a  friend  he  was 
warm  and  loyal. 

He  has  left  a  permanent  contribution  to  endocrinology  and  a  rich  memory 
of  a  vital  and  courageous  personality  to  his  colleagues  and  his  other  friends. 

Dorothy  Price 
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THE  EFFECT  OF  THYROID  STIMULATING  HORMONE 
UPON  THE  IODIDE  (COLLECTING  MECHANISM  OF 
THYROID  TISSUE  SLICESi 

JOHN  L.  BAKKE,  and  NANCY  LAWRENCE 
{With  the  technical  assistance  of  anne  newcomb  and  curt  wiberg) 
Veterans  Administration  Hospital  and  the  Department  of  Medicine,  University 
of  Washington,  Seattle,  Washington 

IN  SPITE  of  an  increasing  number  of  techniques  for  the  assay  of  thyroid 
stimulating  hormone  (TSH),  none  of  the  methods  has  been  generally 
adopted.  The  reported  assays  continue  to  be  limited  in  usefulness  because 
of  their  complexity,  variability,  and  limited  sensitivity.  Sensitivity  is  most 
important  since  it  is  desirable  to  measure  directly  and  without  an  interven¬ 
ing  concentration  procedure  the  small  amounts  of  the  hormone  present  in 
body  fluids.  The  present  communication  describes  conditions  for  studying 
radioiodide  uptake  and  release  from  beef  thyroid  slices  as  these  processes 
were  altered  by  the  in  vitro  addition  of  TSH.  It  is  hoped  that  these  experi¬ 
ments  will  provide  a  basis  for  the  development  of  an  assay  for  TSH. 

Tissue  slice  experiments  have  several  advantages  over  in  nvo  systems 
for  detecting  TSH:  (1)  the  added  TSH  can  be  confined  in  a  small  volume 
with  the  target  tissue,  thus  avoiding  dilution  throughout  the  body  as  oc¬ 
curs  in  in  vivo  experiments;  (2)  only  the  isolated  target  tissue  is  present, 
avoiding  catabolism  of  TSH  in  other  tissues  which  may  normally  account 
for  the  breakdown  of  most  of  the  circulating  TSH  (D’Angelo,  1955);  (3) 
a  large  number  (up  to  65  in  this  study)  of  comparable  slices  can  be  pre¬ 
pared  rapidly  from  a  single  lobe  of  beef  thyroid  and  incubated  together  in 
the  same  incubator  permitting  the  convenient  accumulation  of  sufficient 
replicate  data  to  validate  small  differences  between  control  and  experi¬ 
mental  groups. 

Surviving  thyroid  slices  preserve  many  aspects  of  iodine  metabolism 
found  in  vivo  including  the  collection  and  concentration  of  inorganic  iodide 
(.Morton  and  GhaikofT,  1943)  followed  by  the  organic  binding  of  this  ion 

Received  .lanuary  29,  1955. 

*  .\ide(l  in  part  I)y  tlie  U.  S.  Public  Health  Service  (irant  No.  701  and  the  Washiiiffton 
State  Initiative  171  Fund. 
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(ChaikoiY  and  Taurog,  1949).  Uising  these  experiments  as  models,  the  ef¬ 
fects  of  added  TSH  were  measured  on  tissue  oxygen  consumption  and  on 
the  three  steps  in  iodine  metabolism  pertinent  to  increased  thyroid  hor¬ 
mone  output;  i.e.,  (1)  the  collection  or  trapping  of  inorganic  iodide,  (2)  the 
synthesis  of  this  iodide  into  organically  bound  iodine  compounds  and  (3) 
the  release  of  these  compounds  into  the  fluid  environment. 

Preliminary  experiments  in  our  laboratory  (Bakke  and  Lawrence,  1954, 
a,b,c,d)  demonstrated  that  30  minutes  after  adding  T8H  to  beef  thyroid 
slices,  there  was  an  increase  in  oxygen  consumption,-  radioiodide  uptake 
and  organic  binding  but  an  increased  release  of  labelled  organic  compounds 
was  not  observed.  The  stimulation  of  organic  binding,  like  the  stimulation 
of  oxygen  consumption,  required  the  presence  of  relatively  large  amounts 
of  TSH  (30  U.S.P.  m.u.  ml.  of  medium®)  in  contrast  to  the  iodide  collect¬ 
ing  mechanism  which  responded  to  as  little  as  1 X  10“®  m.u.  of  TSH  ml.  of 
medium. 

For  this  reason  the  experiments  to  be  reported  here  were  restricted  to  a 
study  of  the  thyroid  iodide  collecting  mechanism  or  trap,  as  it  was  altered 
by  various  conditions  of  incubation  appropriate  to  measuring  the  effects 
of  TSH  added  m  vitro. 


MATERIALS  AND  METHODS 

7’i.s,s«r 

Ficsli,  intact  beef  thyroids  were  obtained  from  a  nearby  abattoir.^  The  glands  were 
removed  10  to  20  minutes  after  the  animal’s  deatli,  wrapped  in  ])arafilm  and  jjacked  in 
ice  duriiif!;  the  1.5  minute  transit  to  the  laboratory.  The  glands  were  dissected  free  of  the 
surrounding  fat  and  connective  tissue  capsule  and  cut  into  blocks  ap|)ropriate  for  slicing. 
Slices  (fa.  75  mg.)  were  made  with  a  manual  Stadie-Riggs  type  microtome.  Slices  0.4.5 
mm.  thick  had  a  maximal  QO2  so  this  thickness  was  adojited  for  all  experiments.  All  tis¬ 
sue  handling  and  slicing  was  carried  out  through  arm  ports  inside  a  stainless  steel,  glass 
top,  refrigerated  tissue  box  kept  at  4°  C  and  95-100%  relative  humidity  with  a  spinning 
disc  humidifier.  The  slices  were  selected  for  their  freedom  from  connective  tissue  and 
accumulated  on  a  palette  of  filter  paper,  moistened  with  medium  (described  below), 
rinsed  collectively  three  times  in  200  ml.  of  medium  for  a  total  of  10  mint'ites  to  remove 
blood  and  easily  detached  tissue  fragments,  returned  to  a  fresh  filter  paper  j)alette  and 
allowed  to  ecpiilibrate  at  4°  C  for  15  minutes  to  stabilize  the  increase  in  weight  due  to 
hydration.  The  individual  slices  were  then  rapidly  weighed  on  a  torsion  balance  and  re¬ 
turned  to  numl)ered  i)ositions  on  the  filter  ))aper  palette  in  the  cold-moist  box  where 
they  remained  while  medium  was  i)ipetted  into  the  incubation  beakers.  Altlunigh  these 
I)reliminaries  took  from  one  to  two  hours,  it  was  determined  that  the  slices  could  be 
stored  for  this  period  without  any  decrease  in  their  iodide  collecting  capacity’  (see  below) 

*  Within  .30  minutes  after  adding  3X10~*  U.S.P.  units  of  TSH,  the  QO2  increased 
from  100  +  9.1  |ul.  of  tissue  desoxyribonucleic  acid  hour  to  129.5  +  14.7  /il.  'mg.  (t42  =  .S.O; 
P  <0.001).  This  control  QO2  is  equivalent  to  0.42  fxl.  f).,  hr.  'mg.  of  tissue  wet  weight, 
which  is  clo.selv  similar  to  tlie  values  obtaineil  by  others  (Turner  and  Turner  (1945)  and 
Preinkel  and  Ingbar  (19.5.5,  a)). 

’  One  milliunit,  hereafter  abbreviated  m.u.,  is  one-thousandth  of  a  U.S.P.  unit. 

*  We  are  grateful  for  the  generous  cooperation  of  Mr.  Hugh  J.  Brom,  Plant  Super¬ 
intendent,  Seattle  Packing  Company. 
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All  slices  were  rinsed  ninl  ineubated  in  freshly  prei)ared  Krehs-Henseleit  Hinner’s 
hicarlinnati'  medinin  (Field,  lOtS)  IndTered  to  a  pll  of  7.4  by  eipiilibrjitinn  with  \W'( 
Oj  5'/J.  C().j.  I’ropylthinnracil  (P'rU)  at  a  tinal  enneentratinn  <»f  Ml  '  M.  w,as  present  in 
all  the  inedinin  to  prevent  ()r>£anie  binding  of  iodide  (Wollinan  and  Scow,  1954).  The 
medium  also  contained  i)otassium  penicillin-(J  (10“^  .M.)  and  strei)tomycin  (10  mg.%). 
These  antibiotics  permitted  30  hours  incubation  without  significant  bacterial  growth  as 
tested  by  smear  and  culture.  The  effect  of  these  antibiotics  on  radioiodide  uptake  is 
discussed  below. 

After  studying  the  effects  of  varying  the  medium  carrier  iodide  concentiation  over  a 
wide  range  (see  below)  a  level  of  10  /iK-%  "Si'S  adojited  for  routine  use.  Although  it  is 
reported  (Freinkel  and  Ingbar  (1955),  Morton  Chaikoff  and  Rosenfeld  (1944))  that  rea¬ 
gent  contamination  with  iodide  results  in  a  minimum  medium  iodide  concentration  of 
10  jug.%,  we  were  unable  to  confirm  this  by  direct  chemical  measurements  (Barker’s 
alkaline  incineration  method).  Using  this  method  which  is  .sensitive  to  0.5  /ag.,  no  detect¬ 
able  iodide  was  found  in  our  carrier  free  medium,  and  our  usual  medium  prepared  to  con¬ 
tain  10  mK-%  carrier  iodide  as  KI  was  measured  to  have  9.0 +  0.5  mH-%- 

For  reasons  to  be  discussed  subsecpiently,  each  slice  was  always' incubated  in  a  vol¬ 
ume  of  medium  proportional  to  the  weight  of  the  slice. 

Radioiodide  tracer  was  i)resent  in  the  medium  in  a  concentration  of  less  than  0.1 
/ic.  ml.  which  does  not  cause  radiation  damage  of  the  tissue  (Freinkel  and  Ingbar,  195.5), 

TSII  powder''  was  dissolved  freshly  for  each  exi)eriment. 

The  slices  were  incubated  at  37°  C  in  a  Dubnoff  metabolic  shaking  incubatoi',  con¬ 
structed  to  hold  05  beakers,  under  an  atmos|)here  of  95%  02-5%  COo.  The  shaking 
rate  was  100-120  strokes  per  minute. 

The  experiments  were  of  two  types;  The  first,  called  “uptake  experiments,”  con¬ 
sisted  of  incubating  the  slice  in  radioiodide  medium.  At  the  end  of  incubation  the 
ladioactivity  collected  by  the  slice  was  counted  and  the  per  cent  uptake  was  calculated. 

The  second  type  of  exi)eriment,  called  “release  experiments,”  consisted  of  an  initial 
uptake  or  loading  iieriod  during  which  the  slice  concentrated  radioiodide  from  the  sur¬ 
rounding  medium,  followed  by  transfer  of  the  slice  into  non-radioactive  medium  for  a 
second  ))eriod  of  incubation  during  which  radioiodide  was  released  from  the  slice  into 
the  medium.  During  transfer  the  slice  was  dipped  for  api)roximately  one  second  in  each 
of  a  .series  of  three  separate  200  ml.  wash  baths  of  non-radioactive  medium  to  remove 
the  radioactive  medium  adherent  to  the  surface  of  the  tissue. 

At  the  end  of  incubation  the  slices  were  removed  by  forceps,  rinsed  for  aiijuoximately 
two  .seconds  in  200  ml.  of  non-radioactive  medium,  drained  on  the  beaker  lij)  for  ap¬ 
proximately  one  .second  and  placed  in  the  bottom  of  a  counting  vial.  All  sequential  opera¬ 
tions  were  timed  to  retain  ai)proximately  the  same  delay  for  each  individual  slice  from 
the  start  to  the  end  of  the  experiment.  One  ml.  of  the  incubation  medium  in  each  beaker 
was  subsequently  transferred  to  a  counting  vial. 

All  counting  was  done  in  a  well-type  scintillation  detector  which  has  a  constant  effi¬ 
ciency  for  volumes  less  than  2.5  ml.  At  least  6400  counts  were  obtained  from  each  sample 
to  reduce  the  probable  counting  error  to  less  than  one  per  cent. 

The  radioiodide  uptake  by  each  individual  slice  was  determined  by  subtracting  the 
final  medium  radioactivity  from  the  .starting  value  (obtained  by  counting  an  aliquot  of 

Generously  supplied  by  Dr.  Sanford  L.  Steelman,  Armour  Laboratories,  Armour 
#317-147;  one  /ag.  equivalent  to  0.8  U.S.P.  m.u. 
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the  initial  medium).  In  release  experiments  the  a|)pearance  of  radioactivity  in  the  me¬ 
dium  was  measured.  The  radioactivity  remaining  in  the  slice  at  the  end  of  the  experi¬ 
ment  was  measured  and  knowing  the  initial  value  the  i)er  cent  relea.se  was  calculated. 
The  final  recovery  of  ra<lioactivity  varied  from  07%  to  I03%i  of  the  starting  total  and 
the  .standard  deviation  of  the  mean  Hnal  recovery  varied  between  ±0.S  and  ±4.0%  in 
these  experiments. 

Ordinarily  there  ai)i)eared  to  be  no  advantage  in  converting  per  cent  values  into  the 
equivalent  absolute  iodide  based  upon  the  known  carrier  iodide  level,  nor  was  there  any 
apparent  advantage  in  presenting  the  data  as  T,  M  concentration  ratios.*  Because  of  the 
hyirerbolic  relationship  between  the  per  cent  uptake  or  jrer  cent  release  and  the  T/M 
ratio,  small  changes  in  one  parameter  are  reflected  in  verj’  large  changes  in  the  other  pa¬ 
rameter  except  in  the  middle  portion  of  the  curve.  This  relationship  has  been  presented 
bj'  Freinkel  and  Ingbar  (1955).  In  Figure  1  of  their  paper,  one  may  see  how  very  small 
variations  in  measuring  the  per  cent  uptake  maj’  cause  disproportionately  large  changes 
in  the  calculated  T/M  ratio  when  the  |)er  cent  uptake  is  relatively  high. 

•'  RESULTS 

I.  Factors  affecting  iodide  uptake  and  release 

1)  Effect  of  Temperature:  Radioiodide  uptake  increased  with  tempera¬ 
ture  until  an  optimum  wa.s  reached  at  about  40°  C,  the  values  thereafter 
declining  (Fig.  1).  Accordingly,  a  temperature  of  37°  C  was  selected  for  all 
THE  EFFECT  OF  TEMPERATURE  ON  IODIDE 


Temperature  (®C) 

Fig.  1.  Per  cent  radioiodide  uptake  by  thyroid  slices  incubated  at  various  tempera¬ 
tures;  a  total  of  160  slices  from  several  glands  incubated  individually  for  1  hour  in  4  ml. 
of  medium/ 100  mg.  of  tissue.  Between  2°  C  and  40°  C  the  temperature  coefficient  is  2.0 
and  the  net  activation  energy  calculated  with  the  Arrhenius  equation  is  13,000  calories 
per  mole. 

*  The  T/M  concentration  ratio  may  be  defined  as  the  the  counts  of  radioiodide  per 
gram  of  tissue  divided  by  the  counts  per  ml.  of  medium.  It  is  a  convenient  measure  of 
the  iodide  concentrating  capacity  when  a  steady  .state  is  achieved. 
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subse(pient  experiments. 

2)  KJfcct  of  Aging:  Freinkel  and  Ingbar  (lt)5o)  showed  that  24  hours 
storafje  at  4°  C’  redueed  the  iodide  eoneentratiiifj;  capacity  of  sheep  thyroid 
slices  to  less  than  half  the  control  (fresh)  values.  'Po  evaluate  the  effect  of 
shorter  periods  of  storage  which  might  be  encountered  in  setting  up  one 
of  our  experiments,  20  slices  were  stored  for  three  hours  at  4°  C.  When  in¬ 
cubated,  these  aged  slices  concentrated  39.2  +  4.1%  (mean  ±  standard 
deviation)  of  the  radioiodide  in  4  ml.  of  medium/ 100  mg.  of  tissue  in  one 
hour.  Twenty  fresh  control  slices  collected  41.9  +  6.4%.  The  difference  be¬ 
tween  these  two  values  is  not  significant. 

Because  of  the  prolonged  incubation  used  in  some  experiments  the  via¬ 
bility  of  slices  was  studied  after  22  hours  incubation  at  37°  C  in  the  shaking 
incubator.  The  control  group  of  ten  slices  was  incubated  as  soon  as  possible 
after  preparation.  In  two  hours  these  slices  collected  25.0  +  4.53  per  cent 
of  the  radioiodide  offered  in  10  ml./ 100  mg.  of  tissue.  The  ten  slices  aged 
for  22  hours  collected  25.1  ±4.92  per  cent  of  the  radioiodide.  Not  only  was 
the  uptake  the  same  in  the  aged  slices  as  in  the  fresh  slices,  but  in  both 
cases  the  iodide  was  completely  (99.0%)  flushed  by  10"®  M.  thiocyanate 
and  was  completely  (98.3%)  soluble  in  10%  trichloracetic  acid,  indicating 
that  it  had  not  been  organically  bound. 

3)  Effect  of  Medium  Volume:  When  comparable  slices  were  incubated 
one  hour  in  various  aliquots  of  the  same  radioiodide  medium  (all  containing 
10  mK-%  carrier  iodide  and  the  same  specific  activity)  the  per  cent  radioio¬ 
dide  concentrated  by  the  slice  decreased  as  the  volume  of  medium  was  in¬ 
creased.  ^^'hen  these  data  were  plotted  in  terms  of  the  calculated  equivalent 
amount  of  carrier  iodide  uptake,  a  plateau  was  reached  at  0.84  ug-  iodide 
uptake  Gm.  of  tissue/hour.  Using  this  limiting  value  the  per  cent  uptake 
for  a  variety  of  medium  volumes  was  calculated.  When  these  results  were 
plotted  they  formed  a  rectangular  hyperbola  which  appears  as  a  straight 
broken  line  in  the  logarithmic  plot  of  Figure  2.  This  line  appeared  to  fit 
the  experimental  data  satisfactorily  except  at  the  smallest  volumes  when 
the  slice  depleted  the  total  available  iodide  within  the  one  hour  incubation 
period.  If  the  concentration  of  iodide  remains  constant,  the  relationship 
may  be  expressed  by  a  typical  “clearance”  equation :  PV  =  C,  where  P  is  the 
per  cent  radioiodide  uptake  per  100  mg.  of  tissue  per  hour,  V  is  the  medium 
volume  per  100  mg.  of  tissue  and  C  is  a  constant.  When  slices  of  differing 
weights  are  incubated  under  standard  conditions  in  identical  volumes  of 
medium,  the  per  cent  uptake  will  also  vary,  and  one  cannot  correct  these 
variations  by  dividing  the  uptake  by  the  individual  slice  weight,  as  is  so 
often  done  in  slice-uptake  experiments.  For  this  reason  the  volume  was 
always  adjusted  proportionally  to  the  slice  weight  in  each  individual  beaker 
as  described  above  under  “Method.”  For  convenience,  and  in  anticipation 
of  using  serum,  the  volume  of  the  medium  was  ordinarily  limited  to  4 
ml. /1 00  mg.  of  tissue. 

4)  Effect  of  Medium  Iodide  Concentration:  VanderLaan  and  VanderLaan 
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the  effect  of  medium  volume  on  iodide  uptake 


Fig.  2.  Per  cent  radioiodide  uptake  from  various  volumes  of  incubation  medium; 
a  total  of  200  slices  from  several  glands  incubated  individually  for  1  hour  in  radioiodide 
medium;  initially  containing  10  ng.%  carrier  iodide.  The  dotted  line  is  calculated  on 
the  assumption  that  PV  =  C;i.e.,  per  cent  uptake  X  medium  volume/100  mg.  of  tissue 
=  0.84  jug.  iodide  uptake/  Gm.  of  tissue/hr.  (see  text). 


Medium  Iodide  Concentration  (/ig.%) 

Fig.  3.  Per  cent  radioiodide  uptake  from  medium  containing  various  concentrations 
of  carrier  iodide;  a  total  of  162  slices  from  several  glands  incubated  individually  for  1  hr. 
in  4  ml.  of  medium/100  mg.  of  tissue. 
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(1947)  have  shown  that  the  thyroid  iodide  collecting  mechanism  operates 
independently  of  the  serum  iodide  concentration  over  a  wide  range  and 
uptake  was  decreased  only  when  the  serum  iodide  level  was  relatively  high. 
Figure  3  confirms  this  observation  iji  vitro.  As  can  be  seen,  the  per  cent 
radioiodide  uptake  remained  constant  as  the  medium  carrier  iodide  con¬ 
centration  was  increased  from  trace  levels  to  100  mS-%-  When  the  medium 
iodide  concentration  was  above  100  mS-%  the  one  hour  radioiodide  uptake 
declined  sharply  until  it  finally  leveled  off  near  2%  when  the  iodide  con¬ 
centration  exceeded  10  mg.%.  With  a  constant  volume  in  the  equation 
PV  =  C,  the  per  cent  uptake  is  also  a  constant  until  saturation  of  the  iodide 
concentrating  mechanism  alters  the  relationship. 

5)  Ejfecf  of  Incubation  Period:  The  period  of  incubation  was  varied  from 
10  minutes  to  80  hours.  Because  prolonged  incubation  in  a  small  volume 
of  medium  allowed  almost  complete  uptake  of  the  available  iodide,  experi¬ 
ments  were  also  performed  in  the  relatively  infinite  volume  of  800  ml.  per 
100  mg.  of  tissue."  Figure  4  shows  the  results  of  several  of  these  experiments. 
Figure  4a  shows  that  at  least  10  hours  were  necessary  for  the  tissue  radio¬ 
activity  to  reach  a  maximum  value,  after  which  time  it  declined.  This  de¬ 
cline  may  represent  loss  of  tissue  viability  although  experiments  with  aged 
tissue  described  above  do  not  support  this  interpretation.  In  Figure  4b  re¬ 
lease  experiments  do  not  show  a  similar  decline  because  the  slice  has  al¬ 
ready  released  approximately  100%  of  its  radioactivity  after  10  hours.  Fig¬ 
ure  4c  shows  that  uptake  in  small  volumes  depleted  the  medium  radioiodide 
in  contrast  to  release  experiments  in  a  small  volume  (Fig.  4d)  which  ap¬ 
peared  to  achieve  a  steady  state  after  about  0  hours.  For  these  reasons  up¬ 
take  experiments  in  small  volumes  were  not  prolonged  beyond  3  or  4  hours 
without  presenting  the  slice  with  a  fresh  supply  of  medium  iodide,  in  con¬ 
trast  to  release  experiments  which  were  prolonged  as  long  as  24  hours  with¬ 
out  changing  the  medium. 

6)  Effect  of  Antibiotics :  In  performing  experiments  of  more  than  a  few 
hours  duration  the  addition  of  10“^M.  penicillin  and  10  mg.%  streptomycin 
in  the  medium  was  necessary  to  prevent  heavy  bacterial  growth.  Although 
antibiotics  were  probably  unnecessary  in  shorter  incubation  periods  they 
were  used  throughout  for  uniformity  even  though  they  caused  a  small  inhi¬ 
bition  of  the  one  hour  radioiodide  uptake. 

In  one  experiment  the  one  hour  radioiodide  uptake  by  25  slices  incubated 
without  antibiotics  was  28.8  +  3.1%.  Twenty-five  comparable  slices  incu¬ 
bated  with  the  antibiotics  concentrated  24.8  +  5.4%  of  the  radioiodide. 
This  depression  of  15%  was  of  borderline  significance  (P  =  0.02)  and 
was  less  marked  than  the  de])ression  re])orted  by  Slingerland  (1955), 

'  In  oi(l(‘r  to  accoininodate  volumes  up  to  SOO  ml.,  liter  flasks  were  sul)merf>;e(l  in  a 
lary;e  constant  tem])erature  watei'  hath  at  37°  C,  and  95%  (>2-5%  C'()2  was  bubbled  from 
the  bottom  of  each  flask  throusli  a  scintered  f^lass  rod  to  ensure  l)oth  mixin*'  and  gassinji' 
of  the  medium. 
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A  TIME  STUDY  OF  RADIO-IODIDE  UPTAKE  AND  RELEASE 

(0)  IODIDE  UPTAKE  FROM  INFINITE  VOLUME  (b)  IODIDE  RELEASE  IN  INFINITE  VOLUME 


Hours  Irrcubotion  Hours  Incutation 


(C)  IODIDE  UPTAKE  FROM  SMALL  VOLUME 
lOOi 


Hours  Incubotion 


Fig.  4.  A  time  study  of  jier  cent  radioiodide  uptake  and  release  from  infinite  (800  ml.) 
and  small  volumes  of  medium. 

Fig.  4a.  Radioiodide  uptake  measured  hy  rejjeatedly  removing  and  counting  tlie 
same  .slice  as  each  was  incubated  in  800  ml.  of  medium  100  mg.  of  tissue.  Data  from  140 
exiierimental  observations  made  upon  6  slices. 

Fig.  4b.  Radioiodide  release  from  100  mg.  radioactive  .slices  into  800  ml.  of  medium 
measured  by  counting  serial  1.0  ml.  samples  of  the  initially  non-radioactive  medium. 
l’.ach  100  mg.  slice  was  jueviouslj'  loaderl  with  radioiodide  by  a  1  hr.  incubation  in  4  ml. 
of  radioactive  medium.  Data  from  384  experimental  observations  on  12  slices  incubated 
individually. 

Fig.  4c.  Radioiodide  uptake  from  a  small  volume  (2  ml.  100  mg.  of  tissue)  of  me¬ 
dium.  Data  from  110  slices  incubated  individually.  After  2  hrs.,  TSH  (8X10“*  m.u.,  ml.) 
ha<l  significantly  cnham*od  the  uptake  of  radioiodide  as  compared  with  the  controls 
(1’ <0.001). 

Fig.  4d.  Radioiodide  release  into  a  small  volume  (10  ml.  of  non-radioactive  medium 
100  mg.  of  tissue).  The  slices  were  previously  loaded  with  radioiodide  by  a  1  hr.  incu¬ 
bation  in  4  ml.  of  radioactive  medium/100  mg.  of  tissue.  Data  based  upon  60  slices 
incubated  individually.  TSH  (1  X10“*  m.u./ml.)  significantly  enhanced  the  retention  of 
radioiodide  after  6  hours_of  incubation  (tM  =  5.52;  P  <0.001). 
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possibly  due  to  difference  in  the  tissue  source  and  the  technique  used. 
Of  more  importance,  further  experiments  showed  that  these  antibiotics 
did  not  interfere  with  the  response  to  T8H. 

II.  The  Effect  of  TSH — General  Considerations 

8ince  the  optimal  conditions  for  iodide  collection  are  not  necessarily  the 
.same  as  those  for  TSH  responsiveness,  the  effects  of  TSH  were  also  meas¬ 
ured  in  conjunction  with  the  experimental  conditions  discussed  above. 

1)  Effect  of  Medium  Volume:  When  radioiodide  uptake  was  measured 
in  small  volumes  the  depletion  of  medium  iodide  was  so  great  that  the  op¬ 
portunity  to  mea.sure  any  additional  uptake  due  to  TSH  as  seen  in  Figure 
4c  was  limited  to  a  critically  brief  and  variable  period  which  led  to  the  early 
abandonment  of  this  type  of  experiment.  When  slices  were  transferred  at 
hourly  or  two  hour  intervals  into  an  ali(}Uot  of  the  original  medium  to  give 
the  slice  a  fresh  source  of  labeled  iodide  this  limitation  was  circumvented. 
Figure  5  shows  a  typical  experiment.  The  per  cent  uptake  for  each  in¬ 
cubation  period  was  converted  into  the  equivalent  amount  of  inor¬ 
ganic  iodide  (calculated  from  the  known  carrier  level  of  10  /ig-%)  •'’O 
the  values  could  be  added  and  cumulated.  Although  straight  lines  connect 

TSH  STIMULATION  OF  NET  CUMULATIVE  IODIDE  UPTAKE 


Fkj.  5.  A  typical  exporimont  showini!:  TSH  stimulation  of  the  cumulative  iodide  up¬ 
take  by  the  isolated  iodide  trap.  The  radioiodide  medium  was  chaiiKed  every  2  hours; 
2  ml.  100  mu.  of  tissue;  10  y.g.%  carrier  iodide;  10  slices  incubated  individually  per 
l)oint.  TSH,  8X10~*  and  8X10~*  m.u.,  ml.  of  medium  significantly  (P  <0.001)  elevated 
the  radioiodide  uptake.  (The  straight  lines  are  not  intended  to  indicate  a  linear  process; 
see  text.) 
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the  cumulative  values,  these  lines  are  not  meant  to  indicate  that  the  uptake 
during  any  two  hour  segment  was  linear  since  the  absolute  (not  per  cent) 
iodide  uptake  is  known  to  decline  with  depletion  of  the  medium  iodide.  The 
calculated  cumulative  iodide  uptake  was  increased  to  130%  (P  =  0.01)  of 
the  control  value  two  hours  after  incubation  in  8X10'-  m.u.  TSH  ml.; 
an  increase  to  8X10“*  m.u.  of  TSH  ml.  did  not  further  increase  this  rt‘- 
sponse  and  8X 10'-^  m.u.  ml.  failed  to  increase  the  uptake  over  the  control 
level.  In  further  experiments  of  this  type,  122  slices  were  individually  incu¬ 
bated  in  a  series  of  732  beakers.  Five  concentrations  of  TSH  ranging  be¬ 
tween  the  above  extremes  were  compared  with  controls.  At  all  TSH  con¬ 
centrations  of  2X10~-  m.u.  ml.  or  above,  a  statistically  significant  fP 
<0.C01)  response  was  obtained.  No  useful  dose-response  proportionalitj' 
was  oliserved. 


T.\BLE  1.  .\  COMI*.\RI.SO.\  OF 

UPTAKK  V 

•V.  RELEAfSK  EXHERIMEXT.S 

Per  cent  uptake* 
(from  3  ml.) 

Statistical 

significance^ 

Per  cent  release* 

Statistical 

significance 

TSH* 

0 

3X10-* 

(il)  .1  +(i  .25 

74.1  ±4.97 

tl9 

1 .08 

P 

n.s. 

44.()±8.31 

28.1  ±8.33 

1 19 

4.27 

P 

<0.()()1 

Per  cent  uptake* 
(from  30  ml.) 

Per  cent  release* 

TSH* 

t  \i 

p 

tl5 

P 

0 

7.44±1.61 

— 

— 

48.9+6.14 

— 

— 

4  X  10-* 

9.78+2.13 

2.48 

<.04 

38.2 +2-.  78 

4.49 

<0.001 

4X10-* 

il.O  ±3.39 

2.68 

<.04 

40.4+2.70 

3.58 

<0.001 

*  Kadioiodide  uptake  after  5  hours  incubation;  3  ml.  of  inedium/lOO  mg.  of  tissue,  all 
tissue  from  same  gland;  10  beakers  per  datum.  Mean  ±standard  <leviation. 

*  Statistical  significance  calculated  according  to  “t”  test  tables.  A  “P”  value  <0.02  is 
considered  significant  and  >0.05  is  n.s.  (not  significant). 

’  Radioiodide  release;  1  hr.  uptake  and  4  hr.  release,  both  in  4  ml.  of  medium/100  mg.  of 
tissue.  Mean  ±standard  deviation. 

*  TSH  in  m.i  .  ml.  of  medium. 

‘  Hadioiodide  uptake  after  5  hours  incubation;  30  ml.  of  imaiium^lOO  mg.  of  tissue;  all 
tissue  from  same  gland:  8  beakers  per  datum.  Mean  ±standard  deviation. 


Variations  in  both  uptake  relea.se  medium  volumes  were  then  studied  in 
release  experiments.  The  volume  of  medium  u.sed  was  not  a  critical  variable 
in  obtaining  a  respon.se  to  TSH.  Small  volumes  (4-10  ml.  100  mg.  of  ti.s- 
sue)  were  .selected  as  being  appropriate  to  the  goal  of  measuring  small 
amounts  of  TSH. 

2)  A  Direct  Comparison  of  Uptake  and  Release  Experiments:  Table  1 
illustrate.s  the  effect  of  TSH  on  uptake  and  release  experiments  performed 
together  in  the  same  incubator  with  comparable  slices  from  the  same  gland. 
'Hie  advantage  of  the  release  experiment  over  the  uptake  experiment  was 
apparent  even  when  the  uptake  experiment  utilized  a  volume  large  enough 
(30  ml.)  to  circumvent  significant  depletion  of  tl  e  medium  iodide. 
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8)  Ejfect  of  Medium  Iodide  Concentration :  Table  2(a)  shows  a  release 
experiment  in  which  one  group  of  slices  released  radioiodide  into  medium 
containing  100  jug-%  carrier  iodide  and  another  group  released  into  1000 
Mg.%  iodide.  There  was  a  statistically  significant  (P  <0.001)  TSH  effect 
at  the  lower  iodide  level  which  was  absent  at  the  higher  iodide  level.  As 
long  as  the  medium  iodide  concentration  remained  below  100  Mg-%,  even 
large  (100  fold)  differences  between  the  iodide  concentration  in  the  uptake 
and  release  medium  had  no  effect  on  the  TSH  response  as  shown  in  Table 
2(b). 


Table  2.  The  effect  of  carrier  iodide  coxcextratiox  ox  release  experimexts 


Kxperiment  (a)‘ 


TSIR 

Per  cent  release 
(L-10;  R-lOOp 

Statistical 

significance 

Per  cent  relea.^e 
(L-10;R-1000)i 

Statistical 

significance 

t,  P 

ts  P 

0 

8X10-1 

8X10-® 

8X10-* 

8X10-* 

50.0  +  10.2 
44.4+8.80 
40.5  ±5.41 
30.3+3.47 
30. 8  ±7. 00 

1 .37  n.s. 

4.01  <0.01 

5.63  <0.001 

5.63  <0.001 

50 . 0  ±  .5.21 
()3 . 7  ±  7 . 52 
60.8+  0.80 
64.3 ±  5.86 

53 . 3  ±  5.52 

— '  li.S. 

—  n.s. 

—  n.s. 

l.H)  n.s. 

Experiment  (b)* 

TSIF 

Per  cent  release 
(L-O.l:  H-10) 

Statistical 

significance 

Per  cent  release 

Statistical 

significance 

t..  P 

tn  P 

0 

2X10-2 

80.7  ±7.42 

51  .8  ±7.04 

11.0  <0.001 

83.5 ±  4.24 
.50 . 4  ±  1 0 . 5 

13.0  <0.001 

'  All  tissue  from  the  same  gland;  ineuhated  1  hour  in  radioiodide  medium;  10  jig. %  carrier 
iodide;  4  ml./lOO  mg.  of  tissue;  then  released  in  non-radioaetiv(“  medium  with  the  iodide 
coneentration  shown;  10  ml./lOO  mg.  of  tissue.  The  average  1  hour  uptake  was  4.5.0%  in 
l)oth  groups,  5  beakers  per  datum. 

*  TSH  in  m.c.  'ml.  of  medium. 

’  (L-10;  H-lOO)  indicates  that  the  .slices  were  loaded  in  medium  containing  10  carrier 

iodide  and  relea.sed  in  100  /iK  %  carrier  iodide. 

(L-10;  R-1000)  indicates  that  the  slices  were  loaded  in  medium  containing  10  jig.  %  carrier 
iodide  and  released  in  1000  %  carrier  iodide. 

*  .Ml  tissue  from  the  same  gland;  details  as  above,  except  carrier  iodide  concentrations 
which  are  different  as  indicated  in  brackets.  The  average  1  hour  uptake  was  30.4%  in  both 
groujis;  0  beakers  jier  datum.  .Mean  ±standard  deviation. 


Sub.setiueiit  experiments  with  TSH  were  always  performed  in  medium 
with  10  jug.%  carrier  iodide. 

4)  Time  of  Adding  TSH :  In  release  experiments  TSH  could  be  added  to 
either  the  uptake  period,  the  release  period  or  both  of  the  incubation  pe¬ 
riods.  A  study  was  made  to  determine  the  optimal  choice.  In  several  experi¬ 
ments  (comprising  a  tot;il  of  lOO  slices)  it  was  demonstrated  that  it  did  not 
make  a  statistically  significant  difference  whether  the  TSH  was  pre.^ent  in 
either  the  uptake  period  or  the  release  period,  or  both.  This  may  indicate 
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that  in  those  experiments  in  which  T8H  was  present  only  during  the  one 
hour  uptake  period  it  either  became  bound  to  the  tissue  or  initiated  changes 
in  the  tissue  which  persisted  into  the  release  period.  Experiments  to  deter¬ 
mine  the  minimum  necessary  period  of  exposure  to  TSH,  and  the  rate  at 
which  thyroid  slices  bind  or  inactivate  T8H,  will  be  reported  separately. 
In  subsequent  experiments  described  in  this  report,  T8H  was  present  in 
both  periods  of  incubation. 

5)  Effect  of  Incubation  Period:  Table  3  illustrates  one  of  many  experi¬ 
ments  designed  to  reveal  the  optimal  incubation  periods  for  radioiodide 
uptake  and  release  in  release  experiments  with  T8H.  It  appeared  that  the 
duration  of  the  uptake  period  was  critical.  As  mentioned  above,  this  was 
true  whether  T8H  was  present  or  absent  in  the  uptake  period.  The  effect 


T.\ble  3.  The 

EFFECT  OF  I.VCl 

BATIOX  TIME 

ox  KB1,E.\SE  EXPERIMEXT.s' 

Loading 

period 

(hrs.) 

Per  cent 
radioiodide 
uptake 

Belea.sing 
period  — 
(hrs.) 

Per  cent  radioiodine  release 

Control  TSH* 

Statistical 

Signihcance 

1 15  P 

I 

20.3+3.03 

3 

51.0+5.98 

47.0+3.14 

1 .68 

n.s. 

4 

51.3+6.20 

46.3+7.64 

1 .75 

n.s. 

5 

49.5  ±6.24 

43.1  ±7.62 

2.37 

<0.05 

1 

30.1  ±3.60 

3 

53 .3  ±3 .74 

44.9+4.26 

4. 11» 

<0.001 

4 

55.4  ±3.62 

44.3+4.68 

5.31 

<0.001 

5 

51.7±5.98 

41.7±3.80 

4.00 

<0.001 

u 

37.7±4.40 

3 

48.6  +  4.68 

46.2+6.30 

1 .08 

n.s. 

4 

50.8±6.50 

47.0  +  7.91 

1 .36 

n.s. 

5 

47.3  ±6.21 

43.1  ±7.53 

1 .58 

n.s. 

‘  All  tissue  from  same  gland;eight  beakers  per  datum;  4  ml.  of  medium  100  mg.  of  tissue; 
10  /ug.  %  carrier  iodide.  Data  are  mean  ±  standard  deviation. 

•  TSH,  8X10“*  m.r./ml.  of  medium. 


of  T8H  was  maximal  when  the  uptake  period  lasted  approximately  one 
hour  and  the  releasing  incubation  was  four  hours  or  longer.  The  releasing 
incubation  could  be  prolonged  to  21  hours  without  altering  the  effects  of 
TSH.  These  values  were  highly  significant  statistically  (P  <0.001).  The 
technical  inconvenience  of  these  long-term  incubations  with  their  accom¬ 
panying  pos.sibility  of  error  due  to  tissue  disintegration,  evaporation  of 
medium  or  mechanical  breakdown  led  to  the  adoption  of  a  four  hour  release 
incubation  period  for  subsequent  experiments. 

6)  Specificity  of  the  Effects  of  TSH :  Both  uptake  and  release  experiments 
were  used  to  study  the  effects  of  other  pituitary  proteins  including  ACTH, 
FSH,  and  a  special  fraction  of  lyoiihilized  anterior  pituitary  powder  known 
to  be  free  of  TSH.**  Each  substance  was  tested  with  10  replicate  slices  using 

*  .\nterior  pituitary  jmwder,  T-SS,  contuiuing  no  detectable  TSH  wlien  5  mg.  was 
injected  into  hyjmphysectomized  rats;  generously  supplied  by  Dr.  I.  Clordon  Fels,  In.st. 
of  Kxp.  Biol.,  University  of  California,  Berkelej-,  California;  TSH,  Armour  317-147; 
FSH,  Parke,  Davis  5766;  ACTH,  Armour-K  54707, 
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a  concentration  of  1.0  )ug-  nil.  of  medium  and  compared  with  the  same 
amount  of  TSH  and  with  controls.  Only  TSH  produced  a  statistically  .sig¬ 
nificant  increase  (P  <0.02)  in  radioiodide  uptake  (in  uptake  experiments) 
and  an  increa.sed  radioiodide  retention  in  release  experiments  (P<0.01). 
.\lthough  FSH  had  a  small  effect  (statistically  borderline;  P  =  0.05)  in 
both  the  uptake  and  release  experiments  this  could  reasonably  have  been 
due  to  the  known  contamination  of  the  FSH  with  TSH. 

III.  Quantitative  Effects  of  TSH  on  Radioiodide  Release 

Based  upon  the.se  findings,  a  preliminary  .series  of  assay  release  experi¬ 
ments  (comprising  a  total  of  140  slices)  were  performed,  using  a  one  hour 


THE  EFFECT  OF  TSH  ON  RADIOIODIDE  RELEASE 


TSH  (m.u  /ml.)  (Log  scole) 


Fig.  I).  TSH  dose-resjwn.se  relationship  as  measured  by  per  cent  radioiodide  release. 
Details  in  text.  Xuniher  of  slices  from  several  slimds  incubated  individually  jrer  iioint 
is  stated  in  brackets.  The  differences  between  8X10“^  and  8X10~’  m.u.  TSH/ml.  and 
between  8X10“’  and  8X10“’  m.u.  ml.  are  both  statistically  significant  (P  <0.001). 

uptake  period  in  radioiodide  medium,  4  ml.  100  mg.  of  tissue,  containing 
lO/ig.%  carrier  iodide,  followed  by  a  four  hour  release  incubation  in  non¬ 
radioactive  medium,  10  ml.  100  mg.  of  ti.ssue.  The  effects  of  five  concen¬ 
trations  of  TSH,  present  in  both  ujjtake  and  release  periods,  are  plotted 
as  a  dose-response  curve  in  Figure  0.  A  TSH  concentration  of  8X10“‘ 
m.u.  ini.  was  not  detectable  but  8X10“*  m.u.  ml.  significantly  (P  <0.001) 
decreased  radioiodide  release;  i.e.,  increased  radioiodide  retention.  There 
were  .stati.stically  significant  differences  (P  <0.001)  between  the  effects  of 
the  three  concentrations;  8X10“^  m.u.,  8X10“*  m.u.  and  4X10“^  m.u.  of 
TSH.  Higher  concentrations  of  TSH  did  not  further  increase  the  response. 
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DISCUSSION 

Since  it  is  desirable  to  measure  the  effects  of  TSH  as  directly  as  possible, 
it  is  of  importance  to  determine  the  earliest  and  most  sensitive  measurable 
response  to  TSH.  Rawson  (1949),  studying  chicks,  reported  that  the  earli¬ 
est  and  most  direct  action  of  TSH  was  the  stimulation  of  thyroid  hormone 
discharge.  This  effect  could  be  detected  3-6  hours  after  TSH  injection  but 
were  not  maximal  until  24  hours.  Halmi,  et  al.  (1963),  found  that  the  earli¬ 
est  stimulation  of  the  iodide  concentrating  mechanism  occurred  8  hours 
after  injecting  TSH,  however  PTU  blockade  was  not  established  in  these 
experiments  until  one  hour  before  death,  i.e.,  at  least  7  hours  after  the  in¬ 
jection  of  TSH.  Tala  (1953)  observed  an  increase  in  both  nuclear  volume 
and  epithelial  percentage  in  thyroids  removed  two  hours  after  injecting 
TSH  into  guinea  pigs.  De  Robertis  (1942)  reported  an  increase  in  intra¬ 
cellular  colloid  droplets  within  15  minutes  after  injecting  TSH  into  guinea 
pigs.  We  (Bakke  and  Lawrence,  1954,  a,b,c,d)  had  observed  that  TSH 
added  in  vitro  caused  an  increase  in  thyroid  slice  QOo  and  organic  binding 
of  radioiodine  within  30  minutes,  and  an  increase  in  radioiodide  uptake 
within  one  hour. 

In  spite  of  careful  application  of  some  of  these  observations,  the  assay 
of  TSH  has  remained  a  difficult  problem.  It  may  be  possible  that  the  in 
vitro  radioiodide  release  method  described  in  this  report  will  contribute 
to  the  development  of  a  useful  assay.  It  is  reasonable  that  TSH  increases 
the  ability  of  the  thyroid  .slice  to  concentrate  and  retain  radioiodide,  how¬ 
ever  in  detail,  the  method  appears  to  be  empirical,  variable  and  in  its  pres¬ 
ent  form  lacks  a  useful  range  of  proportional  response.  It  should  be  possible 
to  adapt  the  present  technique  to  estimate  the  amount  of  TSH  in  a  fluid 
sample  by  using  .serial  dilutions.  However,  it  is  hoped  that  the  method  can 
be  improved  to  overcome  the.se  .shortcomings  since  it  is  objective,  simple, 
rapid  and  probably  qualitatively  more  sensitive  to  TSH  than  any  previ¬ 
ously  reported  system  of  detection.** 

Although  both  radioiodide  uptake  and  release  experiments  are  probably 
two  different  ways  of  measuring  a  single  biological  process,  the  release  ex¬ 
periment  proved  to  be  superior.  This  superiority  may  be  the  consecpience 
of  the  plateau  or  steady  state  obtained  in  the  measurement  of  radioiodide 
release.  Further  analysis  of  this  a.spect  of  radioiodide  uptake  and  release 
kinetics  involves  a  complex  mathematical  analysis  using  a  polynomial  of 
several  exponentials.  Obtaining  data  for  this  kind  of  investigation  is  unu¬ 
sually  accessible  with  .slice  experiments  and  will  be  the  subject  of  a  .separate 
report . 

^  It  is  dillioiiK  to  inako  coinparisons  l)ot\v('oii  roportod  assays  Ix'cau.so  of  an  uncor- 
tainty  about  tlio  0(piival(Mi<-o  of  standards  ainl  units.  If  oiu*  arcopts  tlio  stat(‘nu>nt  (Stool- 
man,  195.3)  that  20  m^.  of  the  standard  ox  pituitary  powdor  is  ono  U.S.P.  unit  or  12  .J-S 
(.lunkman-Sohoeller)  units,  then  DoRobortis  (1944)  measured  0.16  m.r..  I)’.\n‘;elo, 
Savano  and  Gordon  (1950)  detected  0.17  m.u.  or  0.8  m.u.  ml.  (usin^  Donaldson’s  state¬ 
ment  (19.55)  that  the  Parke,  Davis  .50P4  powder  which  they  used  contained  2.U.S.P. 
units/ms-),  Gilliland  and  Strudwick  (1953),  measured  3  m.u.;  Piotrowski,  Steelman 
and  Koch  (1953),  12  m.u.;  and  Crooke  and  Mathews  (1953),  2  m.u. 
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SUMMARY 

I'sinjj;  surviviiifi;  hoof  tliyroid  slices,  the  eolleetioii  nnd  release  t)t’  inorj^aiiie 
radioiodide  was  measured  in  vitro,  d'lie  jx'r  cent  of  medium  radioiodide  col¬ 
lected  in  vitro  was  iude])eudeut  of  the  medi\uu  carrii'r  iodide  couceutratiou 
and  dependeiil  upon  the  medium  volume  over  a  wide  range.  TSH,  added 
in  vitro,  stimulated  the  uptake  and  decreased  the  release  of  radioiodide  by 
the  thyroid  slice.  The  release  of  radioiodide  by  the  slice  was  significantly 
decreased  by  as  little  as  SXlO-^  m.u.  U.S.P.  of  TSH  ml.  of  medium. 

Although  this  method  for  detecting  TSH  is  variable  and  lacks  a  useful 
range  of  proportional  dose-response,  it  is  specific,  objective,  simple,  rapid 
and  probably  more  sensitive  than  any  yet  reported,  and  it  offers  an  ad¬ 
vantageous  system  for  the  study  of  TSH  effects  on  thyroid  tissue. 
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KFFEC’T  OF  IIFPAIUX  l^UF'rRKATMKNl'  ON  S'rUFSS- 
INDUC^ED  LEUKOCYTE  ('HANOES  IN  THE  RAT' 

LYLE  H.  HAMILTON  and  JULIUS  LOWENTHAL 

Department  of  Physiology,  University  of  Saskatchewan,  Saskatoo7i, 
Saskatchewan,  Canada 

IT  WAS  reported  by  Godlowski  (1951,  1952)  that  heparin  in  large  doses 
blocked  the  eosinopenic  action  of  epinephrine,  ACTH  and  cortisone  in 
humans  and  in  dogs.  Weissbecker  and  Schroter  (1954)  reported  that  small 
doses  of  heparin  blocked  the  stress-producing  effects  of  ACTH  in  man,  but 
had  no  effect  on  the  response  to  epinephrine  or  cortisone.  However,  Esel- 
lier,  Jeanneret  and  Schoch  (1954)  could  not  block  the  eosinopenia  in  man 
following  ACTH  when  either  small  or  large  doses  of  heparin  were  admin¬ 
istered.  The  present  investigation  was  conducted  to  re-evaluate  these 
studies  and  to  extend  the  observation  to  a  study  of  all  the  leukocyte  cell- 
types  in  the  rat. 

METHODS 

Male  rats  weighing  150-250  gm.  were  used  in  the  experiment.  They  were  isolated 
and  kept  at  a  temi)erature  of  26-28°  C  for  at  least  4  daj’s  and  were  fasted  overnight 
before  the  exi>eriment.  The  experiments  were  conducted  at  the  same  time  of  the  day  to 
eliminate  the  effects  of  diurnal  rhythm  on  the  blood  cell  count.-  Leukocyte  counts  were 
carried  out  on  control  animals  (no  injections)  and  on  rats  4  hours  after  the  subcutaneous 
injection  of  sodium  salicylate  (20  mg./ 100  gm.  body  weight),  epinephrine  (20  /xg.  100 
gm.),  ACTH  (20  mg./ 100  gm.)  and  cortisone  (12.5  mg.  100  gm.).  A  placebo  injection  of 
saline  was  given  to  an  additional  group  of  rats.  All  agents  were  administered  in  a  volume 
of  0.2  ml./lOO  gm.  bodj-  weight.  Ninety  minutes  before  the.se  injections  3  mg.  heparin 
(equivalent  to  300  i.u.)  per  animal  or  an  equal  volume  (0.3  ml.)  of  saline  was  given  sub¬ 
cutaneously. 

Leukocyte  counts  were  carried  out  on  blood  samples  obtained  b}-  cardiac  puncture  on 
rats  ane.sthetized  bj’  the  intraperitoneal  injection  of  40  mg.  pentobarbital  sodium.  One 
ml.  of  blood  was  collected  into  a  siliconed  syringe  and  transferred  to  a  tube  containing 
powdered  potassium  oxalate.  A  dried  blood  smear  was  made  from  a  drop  of  blood  taken 
directly  from  the  syringe  for  differential  counting  after  Wright’s  stain.  Total  leukocyte 
counts  were  done  in  duplicate,  and  the  mean  values  were  used  for  the  data.  The  duplicate 
counts  were  required  to  check  within  10°/o.  At  least  200  cells  were  counted  in  the  dif¬ 
ferential.  Monocytes  and  lymphocytes  were  grouped  together  as  mononuclear  cells  and 
no  difference  was  recorded  in  the  nuclear  configuration  of  neutrophils. 


Table  1  presents  the  mean  leukocyte,  eosinophil,  mononuclear  cell  and 
neutrophil  values  for  the  control  and  experimental  groups.  The  probability 

Received  July  27,  1955. 
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values  for  significant  differences  between  groups  pretreated  with  heparin 
and  witli  saline  are  presented,  as  well  as  the  jnobability  values  for  the  sig¬ 
nificance  of  differences  be1w(‘en  the  control  grouj)  and  the  experinuaital 
groups.  In  all  cases  a  P  value  ^tl.Oo  was  considered  sigtniicant,  i.e.,  the  ob¬ 
served  difference  was  not  »lue  to  chance.  Neither  the  experimental  proce¬ 
dure  nor  the  heparin  injection  by  itself  resulted  in  a  change  in  the  leukocyte 
count,  since  no  significant  differences  were  seen  when  the  untreated  group 
(I)  was  compared  with  the  group  receiving  heparin -f- saline  (II)  or  only 
saline  injections  (III).  Sodium  salicylate,  epinephrine,  ACTH  and  cortisone 
produced  significant  decreases  in  the  total  leukocyte  count  and  mononu¬ 
clear  cell  count.  Statistically  significant  decreases  were  also  seen  in  the  eo¬ 
sinophil  counts  following  epinephrine  and  ACTH.  The  decreases  following 
salicylate  and  cortisone  injections  were  of  the  same  order  of  magnitude  as 
those  following  epinephrine  and  ACTH,  but  were  not  statistically  signifi¬ 
cant  at  the  5°/  o  level  because  of  larger  values  for  the  variance.  A  significant 
increase  in  the  neutrophil  count  was  seen  only  after  epinephrine  adminis¬ 
tration.  Heparin  pretreatment  prevented  a  decrease  in  the  total  leukocyte 
count,  mononuclear  cells  and  eosinophils  following  salicylate,  epinephrine 
and  ACTH  administrations.  It  did  not  prevent  the  neutrophilia  following 
epinephrine.  There  were  significant  differences  between  heparin  and  saline 
pretreatment  in  the  responses  of  the  total  leukocyte  and  mononuclear  cell 
counts  following  these  agents,  but  the  differences  in  eosinophil  and  neutro¬ 
phil  counts  were  not  significant.  Heparin  did  not  block  the  decrease  in  total 
leukocytes,  mononuclear  cells  or  eosinophils  following  cortisone  adminis¬ 
tration.  No  differences  were  seen  between  the  heparin  and  saline  pretreated 
groups  in  the  total  count  or  in  any  cell  type  following  cortisone  injections. 

DISCUSSIONS 

The  blocking  action  of  heparin  on  physiological  responses  to  stress  was 
extended  in  this  investigation  to  include  the  total  leukocyte,  mononuclear 
cell  and  eosinophil  responses  in  the  rat.  Heparin  inhibited  the  response  fol¬ 
lowing  sodium  salicylate,  epinephrine  and  ACTH  administration,  but  did 
not  alter  the  response  to  corti.sone.  The  significance  of  the  effect  of  heparin 
on  the  eosinophil  response  in  the.se  experiments  was  probably  reduced  for  3 
reasons;  (1)  Low  values  were  found  in  the  rats  used,  (2)  It  was  necessary 
to  use  the  unpaired-sample  technique  for  the  study,  and  (3)  The  differential 
counts  were  used  to  calculate  the  number  of  leukocyte  cell  types  (indirect 
method),  which  further  increased  the  variance.  However,  when  the  mono¬ 
nuclear  cell  respon.se  is  considered  along  with  the  eosinophil  respon.se,  there 
can  be  little  doubt  that  the  leukocyte  changes  reported  here  were  responses 
to  .stress.  The  usually  described  neutrophilia  following  stress  \vas  significant 
only  in  the  animals  receiving  epinephrine. 

Wei.ssbecker  and  Schroter  (1954)  reported  that  heparin  blocked  the  ac¬ 
tion  of  ACTH  on  eosinophils,  blood  sugar  and  blood  pyruvic  acid,  though 
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it  did  not  prevent  the  responses  following  epinephrine  or  cortisone.  They 
hypothesized  that  the  heparin  inactivated  ACTH,  rendering  it  ineffective 
as  a  stimulator  for  the  adrenal  cortex.  In  other  studies  performed  in  this  de¬ 
partment,  Morris,  Lowenthal  and  Hamilton  (to  be  published)  demon¬ 
strated  that  heparin  did  not  prevent  adrenal  ascorbic  acid  depletion  follow¬ 
ing  different  stress-producing  procedures.  They  demonstrated  that  the 
adrenal  cortex  was  stimulated  in  the  presence  of  heparin,  probably  through 
the  action  of  ACTH.  The  possibility  exists  that  heparin  interfered  with  the 
synthesis  or  the  release  of  hormones  from  the  adrenal  cortex.  This  was  sug¬ 
gested  by  the  observation  that  only  exogenous  cortisone  was  effective  in 
producing  a  response  following  heparin  administration.  However,  it  has 
been  demonstrated  that  heparin  may  play  a  role  in  fat  transport  (Levy  and 
Swank,  lt)o4).  Because  the  solubility  characteristics  of  adrenocortical  hor¬ 
mones  are  similar  to  those  of  fat,  heparin  may  have  affected  their  transport 
in  the  blood-stream.  The  injection  of  cortisone  may  have  been  so  large  that 
the  amount  of  heparin  used  was  ineffective.  Codlowski  (1951)  demon¬ 
strated  that  large  doses  of  heparin  blocked  the  response  to  cortisone  while 
Weissbecker  and  Schrbter  (1954)  and  this  report  indicated  that  small 
doses  of  heparin  failed  to  do  so.  Investigations  of  the  dose-response  rela¬ 
tionships  between  heparin  and  cortisone  are  being  conducted  at  the  present 
time. 

SUMMAKY 

The  effect  of  subcutaneous  injections  of  heparin  (8  mg.)  in  rats  90  min¬ 
utes  before  the  injection  of  stress-producing  agents  was  studied.  The  total 
leukocyte,  mononuclear  cell  and  eosinophil  counts  were  reduced  4  hours 
after  the  injection  of  sodium  salicylate,  epinephrine,  .ACTH  and  cortisone. 
Heparin  pretreatment  prevented  the  leukocyte  response  to  sodium  salicy¬ 
late,  epinephrine  and  ACTH,  but  did  not  block  the  response  to  cortisone 
in  the  doses  employed  in  these  experiments. 

.\I)DEXI)UM 

Since  this  paper  was  submitted  for  publication  it  has  been  shown  that 
the  blood  cell  count  response  to  5  mg.  cortisone  per  100  gm.  body  weight 
was  prevented  by  150  1. 1",  heparin  per  100  gm.  body  weight,  while  heparin 
failed  to  prevent  the  response  to  higher  tloses  of  cortisone. 
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EVIDENX^E  THAT  THE  GLOMERULAR  ZONE  IS  STIIM- 
ULATED  BY  EPINEPHRINE,  CAUSING  AN  EOSINO- 
PENIA  IN  HYPOPHYSECTOMIZED  RATS 

RICHARD  A.  MILLER  and  ALICE  \V.  DOCKRELU 

Department  of  Anatomy,  Albany  Medical  College,  Albany,  New  York 

The  experiments  reported  here  concern  the  number  of  eosinophils  in 
the  peripheral  blood  of  normal  rats  and  of  rats  in  which  the  well- 
established  pathway  by  which  the  pituitary  evokes  cortical  secretory  ac¬ 
tivity  was  destroyed  by  hypophysectomy,  adrenalectomy  or  adrenal  enu¬ 
cleation,  alone  and  in  several  combinations,  during  considerable  periods  of 
time.  In  addition,  the  changes  in  the  number  of  eosinophils  at  one  to  four 
hours  following  single  injections  of  epinephrine  or  of  ACTH  at  widely 
spaced  intervals  into  these  same  animals  are  reported. 

The  experiments  were  undertaken  to  explore  the  pos.sibility  that  the 
mammalian  adrenal  cortex  may  also  be  stimulated  via  pathways  which 
do  not  involve  the  hypophysis  and  the  release  of  ACTH.  In  hypophysecto- 
mized  pigeons  many  stimuli,  particularly  insulin,  induce  cytologic  changes 
in  cortical  cells  and  effect  changes  in  the  blood  sugar  which  are  indicative 
of  cortical  stimulation  (Miller  and  Riddle,  1941,  1942;  Riddle  and  Opdyke, 
1947). 


MATERIAL  AND  PROCEDURES 

YouiiK  adult  rats  of  the  inbred  Vanderbilt  strain  were  used.  popliyseetoiny.  ad" 
renalectomy  and  adrenal  enucleation  were  irerformed  by  standard  methods.  At  the  timC 
of  autopsy,  the  body  was  carefully  examined  under  maRnification  for  Rlandular  rem¬ 
nants  and  no  data  from  rats  having  a  residuum  of  adrenal  or  pituitary  are  included.  Al¬ 
though  a  hypoi)hyseal  remnant  is  readily  detected,  the  method  does  not  exclude  the 
possibility  that  accessory  adrenal  cortical  tissue  might  escape  detection. 

All  animals  ate  ad  libitinti  of  Wayne  Dog  Blox.  In  addition,  the  operated  rats  had 
access  to  a  soft  diet  containing  all  necessary  nutrients.*  Hypoi)hysectomized  rats  drank 
a  3%  aqueous  sucrose  solution  and  the  adrenalectomized  rats  a  1.0%  aqueous  .sodium 
chloride  solution,  instead  of  pure  water. 

Estimations  of  the  number  of  eosinophils  were  made  by  direct  enumeration  in  a 
Fuchs-Rosenthal  counting  chamber.  The  rats  were  first  anesthetized  with  an  intraperi- 
toneal  injection  of  nembutal  (0.3  mg  per  100  gm.  of  body  weight).  Then  the  freely  shed 
blood  from  the  tail,  warmed  in  water  before  cutting,  was  diluted  with  modification  of  the 

Received  October  17,  lO.'w. 

'  This  investigation  was  supported  in  part  by  a  research  grant  (l’HS-(i2239)  from 
the  National  Institute  of  Arthritis  and  .Metabolic  Diseases,  of  the  National  Institutes 
of  Health,  Public  Health  Service. 

*  Lard,  1500  gm.;  i)owdered  milk,  12,50  gm.;  casein,  1250  gm.;  wheat  germ,  1000  gm.; 
jmwdered  dog  chow,  1000  gm.;  yeast  powder,  .50  gm.;  sodium  chloride,  46  gm.;  cod  liver 
oil,  100  ml. 
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Randolph  eosinophil  stain  (Roche  et  al.,  1950).  The  numl)ers  of  eosinophils  on  both  tables 
of  the  chamber  were  counted.  In  determining  the  average  decrease  of  eosinophils,  any 
increase  was  recorded  as  zero  and  included  in  the  calculation.  If  the  algebraic  sum  of  all 
changes  had  been  used,  very  large  increases  of  eosinophils,  sometimes  observed,  would 
have  obscured  the  eosinopenia  which  occurred  in  a  majority  of  the  rats.  The  method 
for  measuring  nucleolar  size  has  been  published  in  detail  (Miller,  1954). 

The  procedures  used  varied  only  as  to  details.  In  general,  the  eosinophils  of  six  to 
eight  rats,  equally  distributed  as  to  sex,  were  estimated  at  intervals  at  least  a  week 
a)>art.  The  initial  sample  of  blood  was  drawn  as  quickly  as  possible  after  first  disturbing 
the  animals  and  again  at  one,  two,  four  and  usually  six  hours  after  the  initial  sample. 
The  number  of  eosinophils  was  determined  initially  and  at  similar  intervals  after  the 
injection  of  saline  to  provide  control  data,  and  after  the  injection  of  epinephrine,  ACTH 
or  desoxycorticosterone  acetate  (DCA).®  The  same  animals  were  used  repeatedly  during 
the  course  of  several  weeks  but  never  more  often  than  once  a  week.  Many  of  the  groups 
of  intact  rats  subjected  to  various  tests  were  then  adrenalectomized,  enucleated  and/or 
hypophj’sectomized  and  tested  again  for  the  response  to  epinephrine  or  to  ACTH. 

RESULTS 

The  normal  eosinophil  count  during  extended  observation,  and  the  effect 
of  several  chronic  experimental  conditions  upon  the  eosinophil  count.  The 
average  number  of  eo.sinophil.s  in  243  determination.s  among  68  rat.s  dur¬ 
ing  five  weeks  was  106,  while  in  65  additional  rats  the  average  of  single 
determinations  was  97  (Table  1).  The  number  of  eosinophils  in  the  groups 
was  fairly  constant  from  week  to  week,  although  there  were  notable  excep¬ 
tions.  Thus,  the  average  eosinophil  count  was  appreciably  greater  the  first 
time  than  the  second  in  seven  of  twelve  groups  of  the  intact  rats,  tw'o 
groups  did  not  change  and  in  three  groups  eosinophils  were  increased 
slightly  in  the  .second  count.  After  either  hypophysectomy  or  adrenalec¬ 
tomy  alone,  there  was  no  stati.stical  .significant  change  of  eosinophils,  al¬ 
though  the  averages  suggested  a  transitory  eosinophilia  during  the  fourth 
and  fifth  weeks  (Table  1).  In  contrast,  a  significant  eosinopenia  persisted 
during  eight  weeks  after  adrenal  enucleation.  After  these  .same  rats  were 
then  hypophysectomized,  the  number  of  eosinophils  increa.sed  to  that  ob¬ 
served  in  intact  or  hypophy.sectomized  controls.  Quite  different  from  these 
minimal  changes,  after  concomitant  hypophysectomy  and  adrenalectomy 
or  adrenal  enucleation,  a  most  pronounced  eosinophilia  developed  in  the 
first  week  after  operation  and  persisted  during  four  to  six  weeks. 

Among  intact  rat.s  injected  daily  or  twice  daily  with  epinephrine,  eo.sino- 
penia  was  greatest  during  the  first  week  of  injections,  but  the  eo.sinopenia 
was  statistically  significant  during  the  first  three  weeks  (Table  1).  There¬ 
after  the  number  of  eosinophils  was  normal.  By  contrast  with  this  pro¬ 
longed  eosinopenia  associated  with  daily  administration  of  ejnnephrine, 
an  eosino])hilia  develoi)ed  during  daily  ii\jection  of  DC'.V  and  persisted  for 

*  Dr.  Edwiinl  IIcn(ler.s()n  graciously  supplied  the  desoxycorticosterone  acetate  (1)('A) 
Scherins.  We  are  indebted  to  Dr.  Robert  W.  Bates  for  the  Squibb  corticotrophin 
(ACTH). 
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about  five  weeks.  Thereafter  the  eosinophils  reverted  to  normal,  although 
injections  were  continued  for  two  more  weeks.  After  injections  of  DCA 
were  stopped,  the  number  of  eosinophils  diminished  gradually  during  five 
succeeding  weeks. 

Change  in  number  of  eosinophils  in  intact  and  operated  rats  one  to  four 
hours  after  a  single  injection  of  epinephrine.  The  effect  of  80  ng.  of  epineph¬ 
rine  per  100  gm.  of  body  weight  upon  the  number  of  eosinophils  at  two 
to  four  hours  after  injection  was  measured  in  228  tests  upon  57  hypophy- 
sectomized  rats  during  nine  weeks  after  operation.  The  average  eosinopenia 
of  all  of  these  measures  was  27%,  in  contrast  to  the  19%  eosinopenia  for 

Table  1.  The  xi  mber  ok  eosinophilic  lei  cocytes  umixo  extended  periods  ok 

OBSERV'ATIOX  IX  NORMAL  RATS  AND  IX  RATS  SUBJECTED  TO  A  VARIETY  OK  CHRONIC 
EXPERIMENTAL  CONDITIONS 


1  2 


4 


Weekh 
5  0 


7 


8 


9 


10 


Mean  and 
standard  T«‘st 
error 


123(68)* 

81(64) 

94(56) 

Xornuil 

111(33)  130(22) 

106 ±  7.3 

124(40) 

95(55) 

106(50) 

Hypo  ph  ysectom  i  led 

140(38)5  142(24)*  88(12)  57(10)  95(14) 

113 

86(8) 

67(8) 

122(6) 

Adrennlectomiied 

105(8)  303(4)  91(4)  120(3) 

117 

114(5) 

88(5)« 

60(5) 

79(5) 

171(5) 

Enwlealion  of  adrenals,  later  hyiwyhyseelomized 

39(5)  57(2)  74(5)  100(4)  38(2) 

105(5)  59(5) 

74+12.0 

106 

2.5 

672(4) 

382(12) 

413(11) 

SirnHUaneouA  hypophyttectomy  and  adrenai  enwleation 

509(7)  619(6)  792(6) 

518  +  44.0 

9.2 

142(19) 

189(19) 

301(18) 

Simuitaneoiis  hypophysectomy  and  adrencUectomy 

310(2) 

212  +  31.5 

3.3 

30(8)»« 

59(12)» 

59(12)‘ 

\ortnaI,  injerted  daily  or  twice  daily  with  epinephrine 

80(12)  110(12)  137(7)  106(4)  98(4)  10:i(4) 

75 

131(36) 

240(35} 

156(6): 

Xormal  during  daily  injection>  of  DCA,  and  after  injertionn  were  ended 
195(35)  140(23)  151(17)  110(11)  106(6) 

83(5)  67(5)  58(5) 

169 ± 13.4 
94120.8 

4.2 

0.6 

test  for  the  significance  of  differences  between  means.  Values  in  excess  of  2.0  are  considered  significant.  Kxperi- 
mental  grou(M«  are  compared  with  normal. 

^  Figures  in  parentheses  represent  the  numbt^r  of  measurements  of  eosinophils  made. 

’  The  t  value  in  a  comparison  of  eosinophils  of  weeks  four  and  five  tc^ether  with  normal  controls  was  1.3. 

*  Kosinophil  counts  after  the  rats  were  hypophysectomixed. 

^  Twenty-four  determinations  of  eosinophils  in  10  of  these  12  rats  before  beginning  the  injection  of  epinephrine  gave 
an  average  value  of  78. 

*  The  t  value  in  a  comparison  of  the  eosinophils  before  and  during  the  first  thrin.*  weeks  of  daily  epinephriiu*  was  2.2. 
■  Values  after  daily  injections  of  DCA  were  terminated. 


hypophysectomized  controls  injected  with  saline  (Table  2).  The  t  value  in 
Fischer’s  test  for  the  significance  of  difference  between  these  means  was 
2.1.  Thus,  although  hypophysectomy  greatly  impairs  the  response  to 
epinephrine  (the  standard  dose  of  epinephrine  caused  a  60%  eosinopenia 
in  intact  rats.  Table  2),  it  does  not  abolish  the  eosinopenic  response. 

Individual  tests  of  the  response  to  epinephrine  in  hypophysectomized 
rats  varied  between  a  400%  eosinophilia  and  a  100%  eosinopenia.  The 
several  groups  of  rats  displayed  wide  variability..  (Iroups  1  and  6  of  Table 
2  showed  a  marked  eosinopenia  in  repeated  tests,  while  others  (group  4) 
never  responded  to  epinephrine.  Usually  all  or  none  of  the  rats  of  a  group 
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responded  or  failed  to  respond  to  epinephrine.  A  reason  for  this  variability 
of  response  was  not  established.  However,  there  was  direct  correlation 
betwe(*n  the  initial  nninber  of  eosinophils  and  the  de}j;r(‘e  of  diminution  of 
eosinophils. 

The  eosinopenic  respon.se  to  epinephrine  persisted  during  nine  weeks 
after  hypophysectomy.  In  contra.st,  the  eosinopenic  respon.se  to  ACTH 
was  impaired  or  aboli.shed  as  the  period  after  hypophy.sectomy  increased 
(Table  3).  Similar  observations  are  reported  by  Sayers  ei  al.  (1044). 


Tabi.e  2.  Per  cent  decrease  ix  the  ncmber  of  eosinophilic  leccocytes  at  two 

OR  FOl’H  HOI  RS  AFTER  AN  INJECTION  OF  EPINEPHRINE  REPEATED 
AT  WEEKLY  INTERVALS 


No.  of 

Weeks 

.\verage 

rata 

1 

2 

3  4  5  6  7  8  9+ 

18 

20 

— 

Sormal  control 

16  ft  12 

15  ±3. 0(48) 

10 

20 

16 

H ypophysectomized  control 

21  17 

10±3..5'(.3.3) 

10 

55 

.56(.5)» 

\ormal  and  epinephrine^ 

72(5) 

60(28) 

4 

38 

32 

U ypophysectomized  and  epinephrine 

45  9  1ft  41  50  34 

2 

17 

0 

35  0  47  42  14  25 

i\ 

46 

(U) 

—  70(4)  —  —  10(4)  18(4) 

8 

— 

8(7) 

3  14  1 

4 

.50 

.50 

23  12(2)  46(2) 

(\ 

34 

28 

20  43 

8 

6 

10 

35(6)  25(6) 

a 

32 

13 

—  28 

8 

41 

.52 

32 

37 

13 

25 

.\verage 

31(40) 

28(56) 

24(44)  27(37)  16(16)  42(6)  18(10)  26(8)  25(2) 

27  +  2.0(228)' 

10 

23 

22(8) 

Adrenalectomized  and  epinephrins 

15(8)  19(8)  36(4)  15(5)  39(2) 

22±3.4(4.5)s 

.5 

47 

Enucleation  of  adrenalu,  and  epinephrine  later  hypophysectomy 

3ft  59  fi2  82  39 

.54(30) 

17 

— 

0  —  -  —  —  27  20(4) 

16(19) 

16 

8(12) 

Sim 

38(16) 

ultaneously  hypophysertomy.  adrenal  enucleation  and  epinephrine 

23(14)  37(18)  33(7)  36(1)  11(2) 

27  ±3.2(60)* 

25 

12 

13(18) 

H ypophysectomy,  adrenalectomy  and  epinephrine 

22(12)  22(7) 

15(62) 

•  Standard  error  of  mean. 

•  A  standard  dose  of  80  mR.  per  100  Ktii.  of  body  weight  was  used  in  all  experiments. 

•  The  figures  in  parenthesis  are  the  number  of  determination  of  eosinophils.  Where  not  stated,  the  number  of 
determinations  and  the  nuiiibr-r  of  rats  used  are  the  same. 

‘  the  t  test  in  eomparison  with  the  hypophyseetomiied  eontrols  is  2.1. 

‘  The  t  teat  in  eomparison  with  normal  eontrols  was  1..3. 

•  The  t  teal  in  comparison  with  the  hypophyseetomiied  controls  was  1.6. 


Epinephrine  did  not  evoke  a  significant  eosinopenia  in  adrenalectomized 
rats  (Table  2),  although  individual  rats  might  develop  a  considerable 
eosinopenia,  i.e.  3()%.  If  adrenal  rests  occurred  in  such  animals,  they  could 
be  stimulated  by  epinephrine  via  the  hypophysis.  In  support  of  this  view, 
among  hypophy.sectomized  and  adrenalectomized  rats  injected  with 
epinephrine  the  decrea.se  of  eosinophils  was  within  the  range  of  intact  and 
hypophy.sectomized  controls  (Table  2). 

Removal  of  the  fascicular  zone  by  enucleation  (and  the  reticular  zone 
and  medulla)  did  not  aboli.sh  the  respon.se  to  epinephrine.  If  the  hypophysis 
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Table  3.  Per  cent  decrease  in  the  ncmber  of  eosinophilic  leccocytes  at  in¬ 
tervals  AFTER  A  SINGLE  INJECTION  OF  ACTH  INTO  RATS,  H YPOPHYSECTO.MIZED 
FOR  DIFFERENT  PERIODS  OF  TIME 


Nunihcr 
of  rats 


6 

8 

10 

4 


Hours  after  injection 

1  4  7  It) 

H iipophyKcctotnizetl  /  week,  I  i.c.  per  100  g.  of  body  weigh! 

8  ■  3  10  ‘31 

H ypoph ysertomized  2  weeks,  3  i.i\  per  100  g.  of  body  weight 
'28  2  25  3!) 

H ypophyseclomized  5  weeks,  3  i.i'.  per  100  g.  of  body  weight 
25  14  2  1 

H ypophysectoniized  9  weeks,  3  i.i'.  per  100  g.  of  body  freight 

■  8  2fi  0  o' 


13 

15 

1 

0 


was  intact,  eosinophilia  was  similar  to  that  in  normal  injected  rats,  while 
after  simultaneous  hypophysectomy  and  atlrenal  enucleation  the  eosino- 
penic  response  to  epinephrine  was  identical  to  that  of  hypophysectomized, 
injected  rats. 

Cylological  phenomena  in  adrenals  of  hypophysectomized  rats  injected 
with  epinephrine.  An  earlier  study  (Miller,  1954)  demonstrated  that  the 
nucleolus,  and  to  a  limited  extent  the  nucleus,  reflects  the  secretory  state 
of  adrenal  cortical  cells  by  changes  in  size.  The  procedures  established  in 
that  study  were  employed  to  measure  the  change  in  the  nuclei  of  hypophy¬ 
sectomized  rats  at  intervals  between  one  and  ten  hours  after  a  single  injec¬ 
tion  of  epinephrine.  While  epinephrine  had  no  effect  upon  nucleolar  and 
nuclear  size  in  cells  of  the  fascicular  zone,  glomerular  nucleolar  size  in¬ 
creased  and  was  significantly  enlarged  ten  hours  after  injection  (Table  4) 


Table  4.  The  size  of  camera  lvcida  tracings  of  the  nucleoli  s  and  nccleus  in  the 

GI.OMERCLAR  AND  FASCICCI.AR  ZONES  OF  HYPOPHYSECTOMIZED  RATS  AT  INTERVALS 
AFTER  ONE  INJECTION  OF  EPINEPHRINE 


No.  of 
rats 

Xo.  of  - 

Nucleolus 

Nucleus 

cells 

Glomerular 

Zone 

Fascicular 

Zone 

Glomeru¬ 
lar  Zone 

Fascicu¬ 
lar  Zone 

Hypophy.  Control 

14 

140 

26.7  ±  .3* 

31.5±  .7 

603 

688 

1  hour 

9 

90 

26.4 

33.1 

594 

713 

4  hours 

13 

130 

26.7 

31.5 

575 

680 

7  hours 

10 

100 

28.0 

33.3+8* 

595 

695 

10  hours 

7 

70 

30.2 ± .82* 

31 .0 

605 

639 

‘  Standard  error  of  mean.  , 

*  The  t  value  in  comparison  with  the  control  was  3.9. 

’  The  t  value  in  comparison  with  the  control  was  0.7. 

DISCUSSION  AND  CONCLUSIONS 

The  present  study  demonstrates  that  several  chronic  experimental  con¬ 
ditions  which  affect  the  adrenal  cortex  also  effected  an  eosinophilia  (DCA) 
or  an  eosinopenia  (epinephrine,  adrenal  enucleation).  Excepting  adrenal 
enucleation,  although  the  experimental  modification  of  eosinophils  w'as 
prolonged,  reversion  to  normal  occurred  after  three  to  six  weeks  of  the 
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experimental  procedure.  Cytologically,  DCA  inhibits  both  glomerular  and 
fascicular  zones  but  epinephrine  stimulates  oidy  the  fascicular  zone  of  in¬ 
tact  animals  (Miller,  lOoO,  1058,  1054). 

It  is  notable  that  neither  adrenalectomy  nor  hypophysectomy  alone 
evoked  a  statistically  significant  permanent  change  in  eosinophils.  Jakob- 
son  and  Hortling,  1054,  observed  a  transitory  eosinophilia  after  adrenalec¬ 
tomy  and  one  of  four  weeks  duration  after  hypophysectomy.  Others  re¬ 
port  eosinophilia  after  hypophysectomy  or  adrenalectomy  (Stein  and  Mar¬ 
tin,  1051;  Speirs,  1058),  but  the  observation  is  not  general  (Speirs  and 
Meyer,  1040;  Recant,  et  al.,  1050). 

In  contrast  to  the  present  failure  of  either  hypophysectomy  or  adrenal¬ 
ectomy  to  evoke  a  significant  change  of  eosinophils  (and  to  the  moderate 
and  impermanent  effects  of  daily  DCA,  epinephrine  or  adrenal  enuclea¬ 
tion)  the  combined  removal  of  both  the  hypophysis  and  adrenals,  either 
wholly  or  by  enucleation,  evoked  a  pronounced  eosinophilia  which  per¬ 
sisted  unabated  throughout  periods  of  four  and  six  weeks.  These  observa¬ 
tions  suggest  that  even  in  the  absense  of  the  hypophysis,  the  adrenal  ex- 
erci.ses  a  check  upon  the  level  of  eosinophils  of  the  peripheral  blood.  How¬ 
ever,  the  glomerular  zone  alone  did  not  exercise  such  a  check,  since  the 
number  of  eosinophils  was  greatest  in  rats  which  w'ere  both  hypophysec- 
tomized  and  adrenal  enucleated. 

Several  lines  of  evidence  indicate  that  after  hypophysectomy  it  is  the 
glomerular  zone  w'hich  is  stimulated  by  epinephrine  to  cause  the  eosino- 
penia  occurring  two  to  four  hours  after  injection.  First,  the  eosinopenic  re¬ 
sponse  to  epinephrine  is  the  same  in  hypophysectomized  rats  whether  the 
adrenals  are  intact  or  have  been  enucleated.  Second,  although  the  adrenal 
becomes  unresponsive  to  a  single  injection  of  ACTH  about  two  weeks  after 
hypophysectomy,  there  is  no  diminution  in  the  degree  of  eosinopenia  in¬ 
duced  by  epinephrine  for  as  long  as  nine  weeks  after  hypophysectomy. 
Finally,  there  is  cytologic  evidence  of  progressive  nucleolar  hypertrophy 
in  the  glomerular  zone  between  one  and  ten  hours  after  injecting  epineph¬ 
rine.  Nucleolar  hypertrophy  and  atrophy  have  been  correlated  with  secre¬ 
tory  activity  and  inactivity  in  adrenal  cortical  cells  (Miller,  1954). 

It  thus  seems  probable  that  epinephrine  can  evoke  secretory  activity 
in  the  adrenal  either  directly  (in  the  absence  of  the  pituitary)  or  indirectly 
through  the  mediation  of  the  hypophysis.  It  is  further  probable  that  it  is 
the  glomerular  cells  which  are  directly  stimulated  by  epinephrine  rather 
than  fascicular  cells. 


SUMMARY 

The  effect  of  several  experimental  conditions  upon  the  number  of  eosino¬ 
philic  leucocytes  during  prolonged  periods  and  the  capacity  of  epinephrine 
to  cause  an  eosinopenia  at  two  to  four  hours  after  injection  into  rats  were 
investigated.  Experimental  conditions  included  hypophysectomy,  adre- 
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nalocloiny,  adrenal  einicleation,  alone  and  in  combination,  and  daily  injec¬ 
tions  of  (lesoxycortieosterone  acetate  (IXW)  or  epinephrine. 

Hypophysectomy  or  adrenalecloniy  did  not  chanK(‘  sif!;tnficaidly  the 
number  of  eosinophils.  Daily  injections  of  epinephrine  resulted  in  an  eo- 
sinopenia  of  three  weeks  duration,  while  DCA  caused  a  slight  eosinophilia 
during  several  weeks.  None  of  these  changes  of  eosinophils  was  permanent. 
However,  when  rats  were  both  hypophysectomized  and  adrenalectomized 
or  adrenal  enucleated,  eosinophilia  was  pronounced  and  persisted  unabated 
up  to  six  weeks  after  operation. 

In  contrast  with  these  chroidc  changes,  epinephrine  caused  an  eosino- 
penia  at  two  to  four  hours  after  injection  into  hypophysectomized  rats 
or  into  hypophysectomized  and  adrenal  enucleated  rats.  This  acute  eo- 
sinopenia  after  epinephrine  did  not  occur  when  rats  were  simidtaneously 
hypophysectomized  and  adrenalectomized.  Experimental  and  cytologic 
evidence  is  presented  which  indicates  that  it  is  the  glomerular  zone  which 
is  stimulated  by  epinephrine  in  the  absence  of  the  anterior  pituitary  gland 
to  mediate  the  eosinopenia. 
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ZONE  ELECTROPHORESIS  IN  THE  PREPARATION  OF 
SERUM  AND  PITUITARY  EXTRACTS  FOR  BIOASSAY 
OF  THYROID  STIMULATING  HORMONE^ 

SHOLEM  POSTERS 

Medical  Services  of  the  Massachusetts  General  Hospital  and  the  Department  of 
Medicine  of  the  Harvard  Medical  School,  Bostoji,  Massachusetts 

The  .study  of  thyroid  gland  di.sease  has  been  hampered  by  technical 
obstacles  to  measurement  of  thyroid  stimulating  hormone  (TSH)  in 
human  blood.  Application  of  .several  bioassay  techniques,  including  the 
very  sensitive  tadpole  method  of  D’Angelo,  has  so  far  yielded  fragmentary 
or  contradictory  data  (Hertz  and  Oastler,  1936;  Fellinger,  1936;  DeRob- 
ertis,  1948;  d’Angelo  et  al.,  1951;  A.'jboe-Han.sen  et  al.,  1952;  Gilliland  and 
Strudwick,  1953;  Simkin  et  al.,  1953;  Adams  and  Purves,  1953;  Sampson 
et  al.,  1954).  Most  of  these  bioa.s.say.s  have  been  made  on  whole  serum  with¬ 
out  pretreatment  aimed  at  i.solation  of  the  TSH  activity.  The  importance 
of  i.solating  the  active  fraction  was  emphasized  by  Fellinger  (1936)  who 
found  that  .serum  TSH  effects  were  more  than  doubled  by  acetone  precipi¬ 
tation  of  hemolyzed  whole  blood  and  ascribed  the  augmented  TSH  bio¬ 
potency  to  the  elimination  of  thyroxin.  Similarly,  DeRobertis  (1948)  ob¬ 
served  no  detectable  TSH  activity  in  blood  prior  to  acetone  precipitation. 

The  studies  de.scribed  inthe  pre.sent  report  refocus  on  the  concept  that  cir¬ 
culating  TSH  is  obscured  by  serum  constituents  which  interfere  with  its 
bioassay  and  that  i.solation  of  the  TSH  might  permit  its  detection  by  meth¬ 
ods  more  simple,  though  le.ss  sensitive,  than  the  stasis  tadpole  bioassay 
(D’Angelo,  1951).  Serum  was  fractionated  by  preparative  zone  electro¬ 
phoresis  and  the  fractions  bioassayed  using  radioactive  iodine  (P*')  uptake 
by  the  chick  thyroid  gland  as  indicator  of  TSH  activity.  The  conditions  of 
the  electrophoretic  separation  were  guided  by  preliminary  observations  of 
the  transport  properties  of  the  TSH  activity  in  beef  pituitary  preparations 
and  in  human  crude  pituitary  extract.  In  addition,  the  method  was  ex¬ 
amined  for  its  ability  to  .separate  TSH  from  the  iodine  containing  fraction 
of  serum  and  to  recover  TSH  from  an  in  ritro  system  in  which  its  effects 
were  masked  by  thyroxine. 

METHOnS 

(A)  Preparative  zone  electrophoresis 

Klectrophoresis  of  3-4  ml.  of  serum  and  pituitary  preparations  was  performed  in  a 
starch-supported  medium  as  described  by  Kunkel  and  Slater  (19.52).  Thrice  washed 
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stiircli’  was  susjjendcd  in  buffer  solution  to  form  a  thick  jrasto  which  was  then 
moulded  in  a  jdastic  trough.  The  test  |)re])aration  was  injected  into  a  slit  formed  in  the 
block  with  a  si)atula.  In  all  experiments  the  buffer  was  0.04  M  sodium  jdiosjdiate,  pi  I 
7.4,  of  ionic  strength  0.10.  Two  two-liter  beakers  bruised  by  an  inverted  U-tube  formed 
the  buffer  assembly  at  each  end  of  the  block.  VoltaRes  of  800  to  000,  yieldinK  currents 
of  30-50  milliamperes,  were  a])plied  for  16-22  hours.  Room  temperature  was  maintained 
at  1-3°  C.  Segments  of  the  block  of  1  cm.  width  were  resuspended  in  buffer  solution, 
stirred,  and  the  supernatant  decanted  for  bioassay  and  other  determinations  after  the 
starch  particles  settled.  Aliquots  of  eluates  from  two  to  four  segments  were  pooled  for 
bioassay. 

(B)  Chemical  determinations 

Protein  concentration  of  eluates  was  determined  by  the  Folin  tyro.sine  method  as 
modified  by  Lowry  et  al.  (1951)  using  a  crystalline  bovine  serum  albumin  standard. 
Sodium  and  irotassium  were  estimated  by  flame  photometry,  chloride  by  the  method  of 
Wilson  and  Ball  (1928)  and  total  lij^ids  b}-  the  Sudan  black  method  described  by  Swahn 
(1953).  pH  and  oxidation-reduction  potentials  were  measured  with  the  Beckman  model 
(1  pH  meter, 

(C)  Assay  of  thyroid  stimulating  activity 

Assay  of  thyroid  stimulation  was  based  upon  P’*  uptake  by  the  chick  thyroid.  The 
method  derives  from  Rawson  and  Salter’s  (1940)  observations  of  the  suitability  of  day- 
old  chicks  for  bioassay  and  is  patterned  after  the  early  I'®*  experiments  of  Keating 
et  al.  (1945). 

Red-rock  sex-linked  hybrid  cockerels,^  received  on  the  day  of  hatching  and  maintained 
at  brooder  temperatures  of  85-95°  F,  were  given  tap  water  and  a  chick  starter  mash® 
containing  1.6  mS-  iodide  per  gram.  Volumes  of  1.0  ml.  of  test  and  control  solutions  were 
injected  subcutaneously  on  the  day  of  hatching  and  at  24-hour  intervals  thereafter  for 
a  total  of  3  doses.  Eighteen  hours  after  the  last  injection  0.2  juc.  of  carrier-free  was 
administered  intramuscularly.  Four  hours  later  the  chicks  were  sacrificed  by  ether  in¬ 
halation.  Radioactivity  of  their  excised  thyroid  glands  was  determined  in  a  well  type 
scintillation  detector  with  a  sensitivity  of  one  million  counts  per  microcurie.  The  uptake 
was  expressed  as  pei‘  cent  of  the  administered  dose.  TSH  dose-respon.se  curves  covered 
the  range  of  0.005  to  0.050  U.S.P.  units  ml.  with  each  point  representing  the  mean  re¬ 
sponse  of  5  chicks.  This  dose  range  is  represented  bj’  an  eight-  to  ten-fold  increase  in  P’* 
ui)take. 

(D)  Preparations 

All  material  designated  "beef  TSH”  refers  to  lot  K46808R  or  P58980  of  a  lyophilized 
])roduct®  of  alkaline-alcohol  fractionation  of  beef  anterior  pituitary  j)owder.  The  human 
pituitary  extract  was  prepared  from  one-half  of  each  of  three  glands  frozen  in  CO2  im¬ 
mediately  after  removal  at  necropsy.  These  were  pooled,  homogenized  with  a  Potter 
homogenizer  in  5  ml.  distilled  water  for  one  minute  and  centrifuged.  1-thyroxine  and 
1-triiodothyronine  were  purified  by  chromatography  and  recrystallization.^ 

®  .\mend  Drug  and  Chemical  Comjjany,  Inc.,  New  York,  N.Y. 

*  Harco  Orchards  and  Poultry  Farms,  Inc.,  South  Easton,  Massachusetts.  When 
hybrids  were  not  available  Red  Cockerels  were  employed. 

®  Purina  Chick  Startena. 

®  Generously  supplied  by  the  Armour  Laboratories  through  Drs.  Richard  A.  Carey 
and  Sanford  L.  Steelman. 

’’  Kindly  provided  bj’  Dr.  Rosalind  Pitt-Rivers. 
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RESULTS 

A.  Electro phorasis  of  borinc  TSII 

Zonal  analysis  of  Iho  protein  distrihution  :in<l  biological  activity  after 
electrophoresis  of  10  U.S.P.  units  beef  TSH  (#K40808R)  showed  that  thy¬ 
roid  stimulating  activity  migrated  toward  the  cathode  together  with  the 
major  protein  peak  (Fig.  1).  Two  of  the  anodal  pools  inhibited  uptake 
to  41  and  31%,  respectively,  of  the  control  value  of  the  chicks  to  whom 
only  phosphate  buffer  was  given  (P  =  0.00o  and  0.005,  respectively).  An¬ 
alysis  of  a  .second  preparation  (#P58980)  yielded  similar  results. 


Fig.  1.  Electrophoresis  of  Beef  TSII.  10  U.8.P.  units  tlissolved  in  3  ml.  pH  7.4  jilios- 
pliate  buffer;  30  mA  current  for  20  hours.  The  lower  {jraph  represents  protein  concentra¬ 
tion.  The  height  of  the  stipjiled  area  in  the  upjiei'  portion  of  the  figure  indicates  the  bio¬ 
logical  resi)on.se  to  each  eluate  jiool  expiessed  as  4  hour  P®*  uptake  in  per  cent.  The  mean 
ujitake  by  the  control  chicks  is  indicated  by  the  broken  horizontal  line.  TSH  activity 
jieaks  in  pool  —4  through  —7.  P®‘  uidake  is  depressed  in  pools  -t-3  through  O  and 
through  10. 

B.  Electrophoresis  of  bovine  TSH  in  presence  of  human  serum 

To  te.st  whether  the  stimulating  and  inhibiting  zones  disclosed  by  frac¬ 
tionation  of  partially  purified  beef  TSH  maintained  differential  mobility  in 
a  more  complex  biological  system  an  electrophoretic  fractionation  was  per¬ 
formed  after  incubation  for  one  hour,  of  0  U.S.P.  units  beef  TSH  with  3  ml. 
normal  fa.sting  human  serum.  Thyroid  stimulating  activity  concentrated 
in  the  —5  through  —7  zone  as  it  did  in  the  absence  of  serum,  but  there  was 
considerable  proximal  “smearing”  (Fig.  2).  The  peak  of  activity  cor¬ 
responded  to  the  descending  limb  of  the  .serum  7-globulins.  Again,  in 
anodal  pools  there  was  suppression  of  the  end  point  to  values  approxi¬ 
mately  one-half  those  of  controls  (P  =  0.02,  0.005,  and  0.01,  respectively, 
for  the  differences  between  uptakes  of  3.8%,  3.6%  and  3.9%  in  pools 
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+6  through  8,  -|-9  through  11,  and  +12  through  14  and  the  control  up¬ 
take  of  (!.()%).  The  iidiibitory  action  of  these  anodal  segments  was  con¬ 
firmed  hy  testing  their  influence  on  added  TSH.  Reef  TSII  was  added  to 
aliquots  of  the  original  iidiihitory  cluates  to  jnake  a  final  TSH  ccmcentra- 
tion  of  0.1)2  U.S.P.  units  ml.  Interference  with  the  effect  of  added  TSH  by 
the  inhibitory  pools  was  shown  by  uptakes  of  16.6%,  13.9%  and  17.9% 
in  respon.se  to  pools  +6  through  8,  +9  through  11,  and  +12  through  14, 
respectively,  compared  with  the  control  value  of  22.4%  for  chicks  receiv¬ 
ing  TSH  alone  (P  =  0.2,  0.025,  and  0.3  respectively). 


Fig.  2.  Electrophoresis  of  Beef  TSH  in  Presence  of  Human  Serum.  6  U.S.P.  units  inou- 
h.ited  with  3  ml.  normal  human  serum  for  one  hour.  30  mA  current  for  20  hours.  Key  as 
in  Fig.  1.  A  zone  of  inhibition  of  uptake  is  seen  similar  to  that  in  Fig.  1. 

C.  Electrophoretic  separation  of  exogenous  TSH  from  serum  in  vivo  labeled 
fraction  and  thyroxine 

Serum  obtained  from  a  thyrotoxic  patient  5  days  after  treatment  with 
7  millicuries  of  P®'  was  mixed  with  TSH  and  thyroxine  to  give  concentra¬ 
tions  of  0.8  U.S.P.  units  of  TSH  per  ml.  and  240  pg.  1-thyroxine  per  ml. 
Bioassay  of  this  mixture  yielded  a  TSH  potency  equivalent  to  only  0.24 
U.S.P.  units  per  ml.,  i.e.,  30%  of  the  actual  TSH  present.  Electrophoresis 
of  3  ml.  of  the  same  serum-thyroxine-TSH  mixture  revealed  distinct 
separation  of  the  in  vivo  labeled  P®‘  from  the  TSH  containing  fractions 
(Fig.  3).  Measurement  of  the  total  TSH  activity  in  the  eluates  accounted 
for  2.0  U.S.P.  units,  or  0.68  U.S.P.  units  per  ml.  of  the  original  mixture. 
This  corresponds  to  an  85%  recovery  of  TSH  compared  with  the  pre-elec¬ 
trophoresis  value  of  39%.  The  suppre.ssion  of  uptake  in  pool  +12  through 
+  14  is  due  to  the  concentration  of  the  added  thyroxine  in  this  zone.  Inhi¬ 
bition  was  also  observed  in  pool  +9  through  +11.  Since  6%  of  the  labeled 
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iodine  was  present  in  the  latter  pool  it  is  not  certain  whether  the  inhibition 
observed  here  is  due  to  a  corresponding  amount  of  thyroxine  trailing  into 
it  or  to  the  inhibitor  in  the  TSH  preparation  itself. 

D.  Electrophoresis  of  human  crude  anterior  pituitary  extract 

In  -order  to  demonstrate  whether  the  thyroid  stimulating  fraction  of 
human  and  bovine  pituitaries  behaved  similarly,  a  crude  extract  of  human 
anterior  pituitary  was  examined.  The  protein  pattern  (Fig.  4)  was  qualita¬ 
tively  that  displayed  by  serum  elect rophoresed  under  these  conditions. 
.The  thyroid  stimulating  activity  was  associated  with  the  major  peak  and 
a  distinct  inhibitory  zone  represented  by  the  pool  of  segments  -1-6,  7,  8  was 
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Fig.  3.  Electrophoresis  of  a  TSH-Thyroxine-Seruni  Mixture.  3  ml.  of  serum  from  a 
thyrotoxic  patient  5  days  after  I‘**  treatment.  240  ps-  nil.  1-thyroxine  and  O.S  U.S.P. 
units  beef  TSH  ml.  were  introduced  one  hour  before  the  electrophoresis  was  begun.  40 
m A  current  for  1 6  hours.  Key  as  in  previous  figures  with  the  addition  of  cross  hatching 
to  denote  the  amount  of  I”*  in  each  eluate  in  counts  per  minute.  Separation  of  TSH  ac¬ 
tivity  from  the  labeled  iodine  containing  fraction  is  apparent. 

clearly  demonstrated  (Fig.  4).  The  uptake  by  chicks  under  the  influence  of 
this  zone  is  1.1%,  i.e.,  only  27%  of  the  control  value  of  4.1%  (P  =  <0.02). 

E.  The  biological  activity  of  human  sera  fractionated  by  zone  electrophoresis 

Sera  of  6  subjects,  1  normal,  1  with  chronic  thyroiditis  and  post-opera¬ 
tive  myxedema,  and  4  with  thyrotoxicosis  were  bioassayed  before  and 
after  zone  electrophoresis  in  an  attempt  to  uncover  fractions  with  thyroid 
stimulating  activity.  None  of  the  untreated  .sera  or  .Id  eluate  pools  obtained 
by  elect ro])horesis  contained  such  activity.  To  test  for  an  inhibitor  of  the 
action  of  TSH,  the  eluates  were  also  bioassayed  after  the  addition  of  beef 
TSH  usually  in  a  final  concentration  of  0.02  U.S.P.  units  nil.  In  the  sera 
of  the  normal  subject,  the  myxedema  patient  and  two  of  the  patients  with 
thyrotoxicosis  there  was  partial  to  complete  interference  with  the  efficacy 
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of  the  added  hormone  in  one  or  more  eluatets.  An  example  of  this  effect  is 
shown  in  Figure  o  in  which  the  location  of  the  inhibitory  zone  corresponds 
to  the  inhibiting  fractions  observed  in  the  T8H  preparations  and  the  hu¬ 
man  crude  pituitary  extract. 

In  two  of  the  thyrotoxic  patients  the  serum  analyses  were  made  6  days 
after  treatment  with  radioactive  iodine  in  order  to  localize  labeled  iodine 
compounds  in  relation  to  the  inhibitor  zones.  The  fractions  which  con¬ 
tained  the  radioactivity  permitted  full  biological  activity  of  added  TSH. 
This  observation  and  the  finding  of  inhibitory  zones  in  myxedema  serum 
are  evidence  that  thyroid  hormones  are  not  involved  in  the  inhibitory 
idienomeiia. 


Fig.  4.  Electrophoresis  of  a  Humnn  Crude  Anterior  IHtuitnrij  Extract.  40  niA  cunont 
for  21  hours.  Key  as  in  Fi^.  1.  In  addition  to  TSH  aetivity,  a  distinet  inhibitory  zone  eor- 
respondiiif;  to  tliose  of  Fi{;s.  1  and  2  is  shown  in  the  jiool  of  segments  -f-O  tlirough  8. 


F.  Control  studies 

In  an  attempt  to  appraise  the  significance  of  the  observed  inhibitory 
phenomena  various  factors  which  might  influence  the  efficacy  of  TSH  or 
uptake  by  the  thyroid  were  investigated.  Since  the  protein  content  of 
eluates  was  variable  the  influence  of  protein  was  assessed  by  comparing  5 
point  dose-response  curves  for  bovine  TSH  in  vehicles  of  0.9%  NaCl,  0.04 
M  pH  7.4  phosphate  buffer,  a  1:20  dilution  of  serum,  and  a  0.3%  phos¬ 
phate  buffered  crystalline  bovine  albumin  solution.  These  showed  no  sig¬ 
nificant  differences.  Similarly,  incubation  of  TSH  with  starch  did  not  mod¬ 
ify  its  potency. 

In  two  experiments  the  efficacy  of  TSH  added  to  eluates  of  electro- 
phoresed  serum  (in  which  inhibitory  zones  had  been  found)  did  not  vary 
with  small  differenses  in  pH,  oxidation-reduction  potential  or  with  the  dis¬ 
tribution  of  serum  lipids  or  salts. 
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Data  on  TSH  effects  in  the  presence  of  simultaneously  administered 
thyroxine  and  triiodothyronine  were  obtained.  Fifty  per  cent  or  greater 
suppression  of  the  unstimulated  chick  thyroid  gland  uptake  occurred  with 
three  injections  of  1.29X10~“  moles  of  thyroxine  or  triiodothyronine 
(Table  1).  Comparable  inhibition  of  the  response  to  0.020  U.S.P.  units  of 
TSH  retiuired  1.29X10~*  moles  of  thyronine  compound  or  ten  times  the 
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Fig.  5.  Electrophoresis  of  Myxedema  Serum.  3  ml.  serum  from  female  subject  with 
chronic  thyroiditis  and  postoperative  myxedema.  40  inA  current  for  21  hours.  Kluates 
from  1  cm.  segments  were  pooled  in  groups  of  three.  Beef  TSH  solution  was  added  to 
each  of  the  nine  pools  so  as  to  achieve  a  final  TSH  concentration  of  0.02  U.S.P.  units  ' 
ml.  The  height  of  the  .stippled  area  indicates  4  hour  P’*  uptake  by  chicks  receiving  the 
eluate-TSH-mixture.  The  broken  horizontal  line  at  25.3%  represents  the  ujitake  of  con¬ 
trol  chicks  receiving  0.02  U.S.P.  TSH  units  ml.  and  the  dotted  line  at  7.5%  rejiresents 
the  mean  uptake  of  chicks  receiving  no  TSH.  Suppre.ssion  of  the  resjionse  to  TSH  added 
to  the  eluates  is  maximal  in  ])ool  -f-3  through  -(-5. 

T.\bi,e  1.  The  inkm  exi  e  of  1-thyroxi.\e  .\xi)  I-tkiiodothyroxixe  ox  the  respoxse 


TO 

EXOGEXOIS 

TSH 

Dose  of  1 

I**'  uptake' 

thyronine  | 
compound- 

0  TSH  1 

1  0.004  c  TSH  1 

0.020  c  TSH 

(moles)  ' 

T. 

T, 

T.  1 

T.  1 

T. 

T. 

0 

9.6  (1.7) 

9.6  (1.7) 

14.2  (5.1) 

14.2  (5.1) 

42.6  (1.6) 

42.6  (  1.6) 

1 .29X10  '» 

8.3  (1.1) 

7.2  (2.2) 

15.0  (6.4) 

15.3  (4.8) 

1  39.3  (8.5) 

33.2  (10.8) 

1.29X10-* 

4.8  (1.0) 

4.7  (1.6) 

14.3  (3.6) 

15.6  (5.1)  ! 

i  35.3  (5.6) 

30.1  (10.3) 

1.29X10* 

2.1  (1.0) 

2.5  (0.7) 

1.8  (0.9) 

5.2  (1.3) 

1  16.9  (5.7) 

25.9  (  7.7) 

'  The  mean  uptake  by  the  thyroids  of  5  chicks  expressed  in  per  cent.  The  standard  deviation  of  the  sample  is  in 
parentheses. 

*  The  expressions  T«  and  Ti  refer  to  I-thyroxine  and  1-triiodothyronine,  respectively.  The  designated  doses  of  thy¬ 
ronine  compound  and  TSH  were  administered  on  each  of  three  consecutive  days. 

quantity  required  to  suppres.s  resting  gland  uptake  (Table  1).  On  the  ba.sis 
of  the  above  <lata  it  was  calculated  that  the  amounts  of  thyroxine  or  triio¬ 
dothyronine  needed  to  account  for  the  inhibitory  phenomena  observed  in 
the  pituitary  preparations  and  sera  exceed  the  .serum  concentration  of  total 
organic  iodine  by  a  factor  of  at  least  one  thousand. 
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DISCUSSION 

It  is  apparent  from  these  studies  that  the  electrical  mobility  of  exoge¬ 
nous  thyroxine  and  the  in  vivo  1*®^  labeled  serum  fraction  differs  from  that 
of  beef  TSH.  The  mobility  difference  allows  clear  cut  isolation  of  beef  TSH 
either  from  thyroxine  added  to  serum,  or  from  the  in  vivo  labeled  serum 

]131 

These  observations  conform  to  expectations  based  on  many  studies  of 
serum  transport  of  thyroxine  or  protein-bound  (Gordon  et  aL,  1952; 
Larson  et  aL,  1952;  Horst  and  Roesler,  1953;  Robbins  and  Rail,  1952; 
Dingledine  et  aL,  1955),  and  reports  that  beef  TSH  contains  a  strong  basic 
group  and  has  an  isoelectric  point  in  the  pH  8  to  9  range  (Steelman  et  aL, 
1952;  Heideman,  1953;  Fels  et  aL,  1955).  Although  electrophoretic  identity 
of  beef  and  human  thyroid  stiipulating  substance  remains  to  be  shown  by 
more  discriminating  techniques,  it  appears  from  the  examination  of  the 
human  crude  pituitary  extract  that  human  pituitary  TSH,  like  beef  pitui¬ 
tary  TSH,  is  associated  with  proteins  which,  by  virtue  of  their  relativ^ely 
high  isoelectric  points,  can  be  separated  from  the  thyroxine  carrying  frac¬ 
tions. 

It  is  clear  that  in  vitro  masking  of  TSH  effect  by  administration  of  thy¬ 
roxine  can  be  reversed  by  electrophoresis.  This  indicates  that  inhibition 
of  TSH  effects  by  thyroxine,  either  by  a  direct  effect  at  thyroid  cell  level 
(Cortell  and  Rawson,  1944)  or  by  promoting  accelerated  removal  of  cir¬ 
culating  TSH  (D’Angelo,  1955)  does  not  imply  structural  alteration  of 
TSH  by  thyroxine.  It  is  therefore  assumed  that  the  failure  to  uncover  en¬ 
dogenous  serum  TSH  in  these  experiments  is  not  due  to  a  direct  effect  of 
thyroxine  on  the  biological  integrity  of  TSH. 

Despite  the  demonstration  that  TSH  “neutralized”  by  thyroxine  can 
be  restored  by  electrophoretic  diversion  of  thyroxine,  no  thyroid  stimulat¬ 
ing  activity  was  uncovered  by  fractionation  of  6  sera.  This  is  most  likely 
due  to  the  limit  of  detectability  of  endogenous  material  by  this  method 
even  after  elimination  of  factors  modifying  the  biological  respon.se.  It  is 
possible  that  a  more  .sensitive  method  of  a.ssay  such  as  the  stasis  tadpole 
technique  (D’Angelo,  1951)  would  disclose  quantities  of  TSH  even  in  excess 
of  those  found  in  whole  .serum  by  the  tadpole  a.ssay. 

The  demonstration  of  fractions  which  inhibit  the  end  point  in  the  bio¬ 
assay  of  TSH  is  of  interest  in  its  own  right.  In  addition,  it  dictates  caution 
in  the  interpretation  of  TSH  data  which  may  expre.ss  the  interplay  of  in¬ 
hibitors  and  stimulators  in  the  particular  bioassay  rather  than  primary 
physiological  events.  The  nature  of  the  inhibitor  substance  or  substances 
is  unknown.  The  inhibition  by  fractions  free  of  I'**  and  the  jnesence  of  in¬ 
hibitor  in  myxedema  serum  indicate  that  thyroid  hormones  are  probably 
not  involved.  This  interpretation  is  reinforced  by  the  finding  that  the 
amounts  of  thyroxine  and  triiodothyronine  required  for  the  inhibitory  ef- 
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fects  observed  in  these  experiments  exceed  the  usual  blood  concentration 
of  these  substances  by  a  factor  of  one  thousand. 

'fhe  control  physico-chemical  studies  showed  that  the  inhibitor  frac¬ 
tions  are  not  artifacts  due  to  changes  in  pH  or  oxidation-reduction  poten¬ 
tial,  total  lipid,  protein  concentration  or  the  presence  of  starch.  On  the 
other  hand,  it  is  possible  that  a  known  pituitary  or  other  endocrine  gland 
product  is  involved.  It  has  been  observed  that  thyroid  uptake  of  in  the 
chick  is  inhibited  by  corti.sone  in  the  presence  or  absence  of  TSH  (Shella- 
barger,  1954).  However,  the  required  total  cortisone  dose  of  10-15  mg.  per 
chick  implies  an  impossible  concentration  of  serum  cortisone  (3500  mg.%). 
Other  normal  body  constituents,  especially  non-specific  proteolytic  or 
peptidolytic  enzymes  remain  to  be  evaluated  in  this  connection.  It  should 
be  noted  that  the  inhibitory  phenomena  may  reflect  only  one  phase  of 
TSH  effect,  i.e.,  stimulation  of  I'**  uptake. 

SUMMARY  AND  CONCLUSIONS 

Using  zone  electrophoresis  in  a  starch-supported  phosphate  buffer  me¬ 
dium  at  pH  7.4,  and  a  chick  uptake  assay  for  TSH,  it  was  shown  that; 

The  thyroid  stimulating  activity  of  a  partially  purified  commercial  beef 
TSH  preparation  is  associated  with  the  protein  peak  and  is  transported 
primarily  with  the  7-globulins  of  human  serum  when  added  in  vitro. 

There  is  clear  cut  separation  between  the  I‘*‘  containing  fraction  of  serum 
or  thyroxine  and  exogenous  TSH, 

Inhibition  of  the  manifest  efficacy  of  TSH  by  thyroxine  is  reversible  by 
electrophoresis  and  does  not  imply  structural  alteration  of  the  TSH. 

The  observed  differences  in  transport  of  beef  TSH  and  thyroxine  prob¬ 
ably  also  apply  to  human  pituitary  TSH. 

Beef  TSH  preparations  and  human  crude  pituitary  extract  display  com¬ 
parable  fractions  which  inhibit  the  end  point  in  the  bioassay. 

Fractionation  of  human  sera  reveals  a  non-iodine  containing  inhibitor  of 
the  augmented  uptake  of  in  response  to  beef  TSH  but  does  not  un¬ 
cover  endogenous  TSH. 
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THE  AIYOTROPHIC  AND  ANDROGENIC  EFFECTS  OF  17- 
ETHYL-19-NORTESTOSTERONE  AND 
RELATED  COMPOUNDS 

FRANCTS  .1.  SAUNDERS  axd  VICTOR  A.  DRILL 

Division  of  Hiologicnl  Research,  (}.  D.  Senrle  ct*  Co.,  (Udcngo,  Illinois 

WHILE  adequate  assay  procedures  have  long  been  available  to  de¬ 
termine  the  androgenic  effects  of  steroids,  there  was  no  satisfactory 
rapid  method  of  assaying  their  anabolic  effects  until  development  of  the 
levator  ani  technique  by  Eisenberg  and  Gordan  (1950).  This  method  is 
based  on  the  fact  that  after  castration  the  levator  ani  muscle  atrophies 
and  its  weight  can  be  restored  by  treatment  with  testosterone  propionate 
and  other  androgenic  steroids. 

Hershberger,  Shipley  and  Meyer  (1953),  using  a  modification  of  this 
method,  showed  that  19-nortestosterone,  while  exhibiting  essentially  the 
same  myotrophic  activity  as  te.stosterone,  has  only  relatively  slight  andro¬ 
genic  effects.  As  a  measure  of  the  relative  activities  they  used  the  ratio 
of  the  increa.se  in  levator  ani  weight  to  the  increase  in  ventral  prostate 
weight.  The  values  obtained  were  about  0.3  for  testosterone  and  1.0  for 
19-nortestosterone. 

Stafford,  Bowman  and  Olson  (1954),  measuring  nitrogen  retention  in 
force-fed  castrated  rats,  reported  that  19-nortestosterone  cyclopentylpro- 
pionate  was  between  one-half  and  two  times  as  active  as  testosterone  pro¬ 
pionate.  The  present  study  is  concerned  with  .several  compounds  related 
to  19-nortestosterone  and  their  biological  activities. 

MATERIAL  AXD  METHODS 

The  assay  used  to  determine  androKenic  and  myotrojjhic  activities  was  that  of  Eisen- 
hei'n  Gordan  (19.50).  White  rats  of  tlie  SpraKue-Dawley  strain  were  castrated  at  dO 
days  of  age.  Starting  three  weeks  later,  they  were  injected  intramusculaily  daily  for  7 
days  with  one-.seventh  of  the  total  dose  dissolved  in  0.1  ml.  corn  oil.  On  the  day  after  the 
last  injection  they  were  sacrificed  and  the  seminal  vesicles,  ventral  prostates  and  levator 
ani  muscles  were  removed  and  weighed.  In  addition  to  testosterone  i)ropion.ate  and  17- 
ethyl-19-nortestosterone,  other  related  compounds  were  .studied. 

RESULTS 

The  results  of  a  typical  assay  involving  te.stosterone  propionate  and  17- 
ethyl- 19-nortestosterone  are  .shown  in  Table  1.  Eight  rats  were  used  in 
each  group.  It  is  clear  that  the  minimal  do.ses  required  to  produce  signifi¬ 
cant  increases  in  levator  ani  weights  are  approximately  equal,  while  the 
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Tabi.e  1.  The  efeects  of  testosterone  propionate  and  17-ethvi,-19-nortestosterone 

ON  THE  ACCESSORY  SEX  (’.LANDS  AND  THE  LEVATOR  ANl  MCSCI.E  OF  CASTRATED  HATS 


Oompoimd 

Total  i 
dose  1 

Seminal 

vesicle 

Ventral 

prostate 

Lovator 

aiii 

i 

mg. 

mg.  ±S.K. 

mg.  +S.E. 

mg.  ±S.K. 

oil  only  I 

— 

0. -1+0.4 

18.4±0.5 

55.5±4.1 

testosterone  jiropionate 

1  0.05 

18.0+0.8 

17. 4  ±1.3 

78.0±8.0 

I  0.2 

48. 0+2. G 

48.4+8.4 

1  80.5+7.1 

0.8 

128.1  ±G.G 

129. G +5.7 

;  107.2±7.2 

17-Ptliyl-l!)-nortestosterone 

0.2 

11.1+0.0 

12.5±0.7 

78.4+5.2 

0.8 

14.5  +0.5 

lG.5+0.9 

105.7  +G.7 

■  8.2 

82.6+2.4 

1  28.9  ±2.1 

128.4  ±G.l 

androgenic  potency  of  17-ethyl-19-nortestosterone  is  only  about  6%  of 
that  of  testosterone  propionate.  This  relative  lack  of  androgenic  activity 
is  also  shown  in  the  weights  of  the  ventral  prostates. 

Testosterone  propionate  and  17-ethyl-19-nortestosterone  were  further 
studied  in  comparison  with  testosterone.  Figure  1  depicts  the  relative 
anabolic  activities  of  these  compounds,  while  the  androgenic  effects  are 


Fig.  1.  The  effect  of  several  steroids  on  the  increase  in  weiglit  of  the  levator  ani 
muscle  in  castrate  rats.  Each  point  represents  the  difference  in  average  weight  obtained 
in  one  or  more  groups  of  8  treated  animals  and  8  controls  autopsied  on  the  same  day. 
One-seventh  of  the  total  do.se  was  administered  intramuscularly  each  day.  The  crosses 
repre.sent  testo.sterone  propionate;  the  solid  circles,  testosterone;  and  the  open  circles, 
1 7-ethyl- 19-nortestosteronp.  * 


May,  IfJoU 


MYOTUOPHIC-ANDROGEXIC  ACTIVITIES 


509 


shown  ill  Figure  2.  Differences  in  the  slopes  as  well  as  differences  in  mini¬ 
mal  androgenic  activities  are  evident.  The  graphs  thus  demonstrate  that 
the  absolute  androgenic  activity  of  17-ethyl-19-nortestosterone  is  less 
than  that  of  either  testosterone  or  testosterone  propionate,  while  the 
myotrophic  potencies  are  similar. 

Estimates  of  the  androgenic  and  myotrophic  potencies  of  some  related 
compounds  are  .shown,  in  terms  of  testosterone  propionate,  in  Table  2. 
Since  the  slopes  of  the  curves  did  not  always  parallel  that  of  testosterone 
propionate,  minimal  doses  which  produced  a  significant  increase  in  the 
weight  of  the  seminal  vesicles  or  levator  ani  were  compared.  It  is  evident 
that  side  chains  in  the  17  position  containing  more  than  two  carbon  atoms, 
or  containing  unsaturated  linkages,  reduce  the  myotrophic  activity. 


Tabi,e  2.  Estimated  axdroijemc  axd  myotrophic  potencies  of  1!1-xortestostero.\e 

DERIVATIES  IX  CASTRATE  MALE  RATS 


Compouml 

Androgenic* 

liotency 

Myotrophic* 

liotency 

te.sto.«teroiie  jirojiionate 

]()() 

100 

19-iiortesto.sterone 

(> 

100 

1 7-methvl-19-nortestoster()iie 

(> 

100 

1 7-eth  vl- 1 9-iiortestosteroiie 

(i 

100 

1 7-i)roi)vl- 1 9-nortestosterone 

<1 

10 

1 7-l)ut  vl- 1 9-nortesto.<terone 

<2 

<5 

17-vinvl-n)-iiortesto.steroiie 

2 

20 

1 7-et  hy  ny  1- 1 9-iiortesto.steroiic 

enol  acetate  of  17-ethvnvl-l9-norteMtosterone  17-ace- 

estrogenic** 

1 

fate 

e.strogenic** 

<2 

lit-iior-4-amlro.>iteiie-:t,  17^-iliol 

5 

.50 

*  Potencies  are  given  in  terms  of  per  cent  of  the  activity  of  testosterone  propionate  and 
were  determined  from  the  minimal  levels  at  which  significant  increases  in  seminal  vesicle  or 
levator  ani  muscle  weights  were  obtained. 

**  Estrogenic  comjiounds  cause  a  small  but  significant  increase  in  seminal  vesicle  weight 
but  do  not  cause  a  correstionding  increase  in  ventral  prostate  weight. 


Ill  addition  to  determining  the  minimal  effective  dose,  the  compounds 
were  also  studied  at  a  uniform  dose  level.  Since  the  19-nor  compounds 
were  unesterified,  testosterone,  rather  than  testosterone  propionate,  was 
used  as  the  standard.  Figure  3  depicts  the  increases  in  weights  of  the 
levator  ani  muscle  and  of  the  .seminal  ve.sicles  of  rats  treated  with  a  total 
dose  of  1  mg.  of  testosterone  or  19-nortestosterone  derivatives.  Through¬ 
out  the  series  of  the  19-nor  compounds,  the  myotrophic  effects  are  rela¬ 
tively  much  more  marked  than  are  the  androgenic  effects.  In  fact,  at  this 
dose  level  the  higher  analogs  do  not  show  any  androgenic  effects.  Further¬ 
more,  while  17-ethynyl-19-norfesfosterone  and  its  enol  diacetate  both  in¬ 
crease  semimd  vesicle  weight,  such  actions  may  be  ascribed  to  their  estro¬ 
genic  effects,  since  estrogens  as  well  as  androgens  cau.se  an  increase  in 
seminal  vesicle  weight,  but  unlike  androgens  do  not  cause  an  increase  in 
ventral  prostate  weight. 
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To  determine  oral  activity,  several  of  these  compounds  were  adminis¬ 
tered  by  stomach  tube  daily  over  a  period  of  7  days.  Solutions  in  corn  oil 
were  used  and  the  results  are  presented  in  Table  3.  17-Ethyl-19-nortestos- 
terone  produced  a  myotrophic  response  at  a  lower  dosage  level  than  an}' 
other  compound.  As  measured  by  the  increase  in  seminal  vesicle  weight, 
the  minimal  dose  of  17-ethyl-19-nortestosterone  recjuired  to  produce  a 


Fig.  2.  The  effect  of  several  steroids  on  the  seminal  vesicle  weight  in  castrate  rats. 
Each  |)oint  represents  the  average  value  obtained  with  1  or  more  groups  of  8  rats.  The 
shaded  area  shows  the  range  of  average  values  obtained  with  19  groups  of  controls.  The 
cros.ses  rei)resent  testosterone  projjionate;  solid  circles,  testosterone;  and  oi)en  circles, 
1 7-ethyl-l  9-nortestosterone. 


Fig.  3.  Increases  in  the  average  weights  of  the  levatitr  ajii  muscles  and  the  .seminal 
vesicles  of  castrate  rats  after  treatment  with  various  steroids.  In  each  case  a  total  dose 
of  1  mg.  was  administered  over  a  j)eriod  of  7  daj'S.  The  shaded  bars  represent  the  increase 
in  levator  ani  muscle  weight,  while  the  open  bars  show  the  increase  in  the  weight  of  the 
seminal  vesicles.  A  =  testosterone ;  B  =  19-nortestosterone;  C  =  17-methyl- 1 9-nortes¬ 
tosterone;  1)  =  17-eth5-l-19-nortestosterone;  E  =  17-propyl-l 9-nortestosterone;  F  =  17- 
butyl-1 9-nortestosterone. 
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significant  increase  was  not  much  larger  when  administered  orally  than 
when  given  parenterally.  Howev'er  it  is  to  be  noted  that  with  oral  adminis¬ 
tration,  at  the  doses  used,  none  of  the  nor  compounds  produced  a  signifi¬ 
cant  increase  in  the  weight  of  the  ventral  prostate,  whereas  this  gland  was 
enlarged  when  methyl  testosterone  was  given  orally. 


Table  3.  A\DRO(iExic  and  myotrophic  response  to  oral  administration  in  castrate 
MALE  RATS.  ThE  V.ALUES  LISTED  ARE  THE  DIFFERENCES  IN  AVERAOE  WEIfiHTS  BETWEEN 
TREATED  AND  CONTROL  CROUPS 


Compound 

Total 

dose 

Seminal  ! 
ve.sicles 

Vental 

jirostate 

Levator 

ani 

mg. 

mg. 

mg. 

mg. 

ly-nortesto.sterone 

0.5 

0.8 

0.8 

7.8 

1 .0 

-1.1  ! 

-2.7 

-2.0 

2.0 

-0.4 

-2.4  ! 

8.7* 

17-metlivl-iy-nortestosterone 

0.2 

O.ti 

—  1.0 

0.8 

0.5 

0.0  i 

1  .0  ' 

8.0 

1 .0 

0.7  1 

0.1 

1 1  .0 

2.0 

4.0**  ' 

-1.0 

20.0** 

]  7-cttiyl-ia-uortestosterone 

0.05 

0.0 

-0.0 

-8.2 

0.1 

2.0 

1  .4 

-1  .0 

0.2 

0.4 

1  .4 

12.7 

0.5 

0.2 

1  .2 

1 1  .7 

1  .0 

1  .4* 

0.7* 

i  15.1* 

2.0 

2.2** 

1  ,5 

88.0** 

Methyl  te.stosterone 

0.2 

0.0 

1  .8 

i  2.4 

0.5 

0.4 

1  .8 

-2.2 

1  .0 

0.0 

4.0** 

1  4.0 

2.0 

8.8** 

0.8** 

15.0* 

Testosterone  propionate 

0.2 

0.2 

0.8 

O.tl 

0.5 

1 .2** 

0.4 

8.0 

2.0 

0.8 

0.0 

O.o 

5.0 

0.7 

2.2* 

1  .2 

*  P=0.()5. 

♦*  P=0.01:  unmarked  values  are  not  significantly  different  from  controls. 


DISCUSSION' 

The  relatively  low  androgenic  potency  of  the  19-nortestosterone  com¬ 
pounds  as  reported  by  Her.shberger  et  al.  {19o3)  and  Stafford  et  al.  (19.54), 
has  been  confirmed  in  our  work.  Our  results  show  that  the  high  myotrophic 
potency  was  retained  in  the  17-methyl  and  17-ethyl  compounds,  but  was 
lost  when  the  17  .side  chain  was  longer.  Likewise,  the  substitution  of  a 
vinyl  or  ethynyl  group  for  the  ethyl  group  caused  a  loss  in  both  androgenic 
and  myotrophic  potency.  In  metabolic  studies  (Saunders  and  Drill,  1956) 
it  was  found  that  the  17-methyl-19-nor  compound  inhibited  the  appetite 
of  the  rats.  A  study  of  the  oral  activity  of  these  compounds  .showed  that 
17-ethyl-19-nortestosterone  is  approximately  twice  as  effective  as  a  myo¬ 
trophic  agent  as  either  17-methyl-19-nortestosterone  or  19-nortestosterone 
itself.  Likewise,  the  17-ethyl-19-nortestosterone  is  at  least  twice  as  effec- 
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live  as  methyl  testosterone  and  more  than  5  times  as  active  as  testosterone 
propionate  when  given  intragastrically.  In  our  studies,  the  latter  com¬ 
pound  was  ineffective  when  given  orally  at  the  highest  doses  studied. 

While  it  was  shown  (Table  2)  that  19-nortestosterone,  17-methyl-19- 
nortestosterone  and  17-ethyl-19-nortestosterone  were  approximately  equal 
in  their  androgenic  and  myotrophic  effects  at  minimal  effectiv'e  dose 
lev'els  intramuscularly,  as  the  dose  was  increased  this  relationship  no 
longer  held  as  strictly.  It  may  be  seen  that  at  the  1  mg.  dose  level  per  rat 
(Fig.  3)  the  17-ethyl  compound  produced  twice  as  much  increase  in  the 
weight  of  the  levator  ani  muscle  as  did  19-nortestosterone.  The  17-propyl 
and  17-butyl  compounds  not  only  showed  much  lower  myotrophic  po¬ 
tencies  than  those  with  the  shorter  side  chains  but,  at  the  1  mg.  dose  level, 
they  were  completely  devoid  of  androgenic  effects. 

SUMMARY 

The  androgenic  and  myotrophic  activities  of  testosterone  have  been 
compared  to  those  of  nortestosterone  and  to  derivatives  of  nortestosterone 
in  which  the  hydrogen  on  the  17  carbon  atom  has  been  replaced  by  methyl, 
ethyl,  propyl,  butyl,  vinyl,  or  ethynyl  radicals. 

The  19-nor  compounds  uniformly  exhibit  relatively  higher  myotrophic 
potencies  in  comparison  to  their  androgenic  effects  as  measured  by  re¬ 
sponse  of  the  levator  ani  muscle  and  seminal  vesicles  in  the  castrated  rat. 

With  intramuscular  administration,  the  minimal  effective  doses  of  19- 
nortestosterone  and  the  17-methyl  and  17-ethyl  derivativ’es  were  similar. 
At  a  higher  dose  level  of  1  mg.,  17-ethyl-19-nortestosterone  showed  the 
greatest  myotrophic  effect. 

On  oral  administration,  17-ethyl-19-nortestosterone  was  found  to  be 
more  effective  than  19-nortestosterone,  17-methyl-19-nortestosterone  or 
methyl  testosterone  as  measured  by  the  levator  ani  response.  • 
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STUDIES  IX  HISTOCHEMISTRY:  EFFECTS  OF  STRESS  CON¬ 
DITIONS,  A(TH,  (^ORTISONE,  DESOXYCORTICOSTER- 
ONE  AND  HYPOPHYSECTOMY  ON  THE  QUANTI¬ 
TATIVE  HISTOI/XHC’AL  DISTRIBUTION  OF 
PHENOLSULFATASE  AND  AC'ETYLC'HOLIN- 
ESTERASE  IN  THE  RAT  ADRENAD  ^ 

DAVID  CLICK  AND  HELEN  R.  STECKLEIN 

Hislocftemical  Laboratory,  Department  of  Physiological  Chemistry,  The  Medical  School, 
rniversity  of  Miiuiesota,  Minneapolis,  Minnesota 

The  quantitative  histological  distribution  of  phenolsulfatase  (Click, 
Stecklein  and  Malmstrom,  1955)  and  acetylcholinesterase  (Antopol 
and  Click,  1940)  in  the  adrenal  gland  of  various  species  was  reported  ear¬ 
lier.  The  greatest  phenolsulfatase  activity  was  found  in  the  fascicular  and 
reticular  zones  of  the  rat,  rabbit  and  hog  adrenal  and  in  the  fascicular  zone 
of  the  dog  adrenal,  but  negligible  activity  was  demonstrated  in  all  regions 
of  the  cow  and  monkey  gland.  Considerable  acetylcholinesterase  activity 
was  observed  in  the  medulla  of  bovine,  pig  and  rabbit  adrenals  but  little 
activity  was  found  in  any  cortical  zone  in  any  of  the  species. 

The  effects  of  stress  conditions,  hormonal  treatments  and  hypophysec- 
tomy  on  the  adrenal  have  been  studied  more  extensively  in  the  rat  than  in 
other  laboratory  animals,  and  consequently  the  rat  adrenal  was  used  in 
the  present  investigation  to  permit  comparisons.  For  the  phenolsulfatase 
work  the  rats  were  subjected  to  chilling,  turpentine  abscesses,  hypophy- 
sectomy  and  injections  of  ACTH,  cortisone  and  desoxycorticosterone.  The 
same  kinds  of  treatments  were  used  for  the  acetylcholinesterase  work 
except  that  the  chilling  experiments  were  omitted  after  it  became  apparent 
that  stress  conditions  produced  no  appreciable  change. 

EXPERIMENTAL 

5Iale  albino  rats  (»Spia{'ue-Dawle\')  weighing?  350-500  gia.  were  used  for  all  of  the  ex¬ 
periments.  For  the  hj-pophysectomy  experiments  unoperated,  sham-operated  and  hy- 
pophysectomized  rats  were  obtained  from  the  Hormone  Assay  Laboratories,  Ine., 
Chicago.  For  the  other  work  the  rats  were  obtained  from  the  Holtzman  Co.,  Madison. 
Wis. 

Received  November  2S.  1955. 
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The  animals  were  housed  in  a  room  of  constant  temperature  178  ±1®  F)  and  relative 
humidity  (30-50%).  Instantaneous  death  was  inflicted  by  a  single  hammer  blow  on  the 
head,  and  always  at  the  same  time  of  day  (10  a.m.).  The  adrenals  were  quickly  removed, 
frozen  with  solid  carbon  dioxide  and  stored  at  —20°  C.  The  procedures  for  obtaining  the 
microtome  sections  of  fresh  frozen  adrenal  tissue  for  chemical  analysis  and  histological 
examination  were  the  same  as  |)reviously  employed  by  Malmstrom  and  Click  (1952), 
Balm  and  Click  (1954),  and  Click  et  al.  (1955).  For  each  sample  of  one,  or  more  than  one, 
tissue  sections  used  for  chemical  analysis,  the  previous  adjacent  section  was  taken  for 
histological  identification  after  fixing  in  Carnoy’s  solution  and  staining  with  toluidine 
blue,  and  the  following  adjacent  section  was  u.sed  for  i)rotein-nitrogen  determination. 

The  determination  of  phenolsulfatase  activity  followed  the  steps  outlined  by  Click. 
Stecklein  and  Malmstrom  (1955)  which  rejjresents  a  modification  of  the  method  of 
Malmstrom  and  Click  (1952).  Protein-nitrogen  was  measured  by  the  bromsulfalein  i)ro- 
cedure  described  by  Nayyar  and  Click  (1954).  The  cholinesterase  determinations  were 
based  on  the  titrimetric  method  of  Click  (193Sa)  with  modifications  in  certain  details  to 
give  the  following  procedure: 

Procedure  for  cholinesterase  determination 

1.  Pi|)et  9  /il.  of  30%  glycerol  into  each  reaction  tube. 

2.  Insert  tissue  sample  into  the  liquid  by  means  of  a  glass  needle.  Allow  ttt  extract  for 
1  hr.  at  room  temiierature. 

3.  Add  32  /il.  of  0.022  M  acetylcholine  chloride  or  bromide  made  uj)  in  0.1  M  veronal 
buffer,  i)H  8.0.  (Prepare  buffer  by  combining  7.15  ml.  of  0.1  ^I  sodium  diethylbarbiturate 
and  2.85  ml.  of  0.1  M  HCl.)  Dissolve  substrate  in  buffer  just  before  use.  (Purify  com¬ 
mercial  sub.strate  by  dissolving  1  gm.  in  13  ml.  of  absolute  alcohol,  add  22.5  ml.  of  abso¬ 
lute  ether,  cool  in  ice  in  stoppered  vessel,  quickly  filter  off  solid  on  a  Buchner  funnel  and 
store  in  a  desiccator  over  PjOs.) 

4.  Include  non-substrate  blanks  in  which  no  buffered  substiate  is  added  to  tissue  in 
glycerol  solution.  For  the  non-enzyme  blank  place  about  0.5  ml.  of  buffered  substrate 
in  a  vessel  and  stopper  it. 

5.  Digest  samples  from  stej)  3,  and  blanks  from  stej)  4  simultaneouslv  for  4  hr.  at 
37°  C. 

6.  At  the  end  of  the  digestion  add  50  jul.  of  eserine-indicator  solution  (10  ml.  of  0.1% 
eserine  sulfate  plus  1.5  ml.  of  0.04%  bromothymol  blue)  to  each  tube  containing  tissue, 
including  non-substrate  blanks,  and  mix. 

7.  To  each  non-substrate  blank  add  32  pi.  of  the  buffered  substrate  which  had  been 
digested  (non-enzyme  blank),  and  mix. 

8.  Titrate  all  tubes  including  those  containing  the  combined  blank  with  0.05  N  IIC'I 
to  pH  6.2  using  a  color  standard  consisting  of  M  15  jdiosphate  buffer,  pH  6.2,  containing 
indicator  (10  ml.  ))hos])hate  buffer  plus  0.75  ml.  0.04%  bromothymol  blue). 

9.  ('alculate  activities  as  pi.  of  acid  used  in  titration  of  the  combined  blank  minus  pi. 
of  acid  used  in  titration  of  the  enzyme  runs. 

Estimates  of  the  enzyme  activity  that  might  be  contributed  by  the  i)resence  of  bhtod 
in  the  tissue  revealed  that  for  both  enzymes  the  contribution  was  negligible. 

The  data  obtained  were  represented  in  composite  curves  giving  chemical  values  as 
a  function  of  distance  through  the  adrenal.  These  curves  were  constructed  in  a  manner 
similar  to  that  described  by  Balm  and  (Hick  (19.54). 

RESULTS 

PhcnoJsnlfatose 

The  effect  of  the  ACTH  and  DCA  injections  on  either  the  phenolsul- 
fatase  distribution  or  activity  in  the  rat  adrenal  was  found  to  be  negligible 
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(Fig.  1).  This  applied  whether  the  activity  was  based  on  unit  volume  of 
fresh  tissue  (per  section)  or  on  the  protein-nitrogen  content,  ^^'hen  corti¬ 
sone  treatment  was  given,  a  slight  tendency  to  elevated  activities  per  tissue 
section  was  observed  but  this  was  eliminated  when  the  activities  were  re¬ 
lated  to  protein-nitrogen  because  the  latter  also  tended  to  be  high  in  the 
inner  portions  of  the  gland  (Fig.  2). 


Mm.  from  surface 

Fig.  1.  Distribution  of  phenolsulfatnse  activitj’  and  protein-nit roj;cn  in  the  adrenal 
glands  of  male  albino  rats  with  and  without  daily  subcutaneous  injections  of  7  mg. 
desoxycortico-steione  acetate  in  sesame  oil  kg.  for  2  weeks,  and  with  and  without  single 
subcutaneous  injections  of  25  mg.  ACTH  kg.  Sections  2  mm.  diameter,  16  n  thick  (0.05 
/il.  vol.).  In  this,  and  in  the  sul)se(pient  figures,  the  following  ajiply:  in  curves  of  activity 
per  tissue  section  and  of  inotein-nitrogen  jrer  section,  the  j)oints  represent  means  and 
the  vertical  lines  through  them  the  standard  error  of  the  means.  In  curves  of  activity  per 
unit  protein-nitrogen,  the  points  and  vertical  lines  are  ratios  of  the  corresponding  values 
for  activities  per  section  to  protein-nitrogen  per  section.  Histological  zones  are  indicated 
(glomerulosa),  F  (fasciculata),  II  (reticularis),  M  (medulla).  When  sections  are 
mixtures  of  two  zones  both  letters  are  used.  Numbers  in  parenthesis  after  the  de.signation 
of  treatments  denote  the  number  of  adrenals  analyzed  to  obtain  the  composite  curve. 
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A  condition  of  stress  imposed  by  the  development  of  turpentine  abscesses 
tended  to  reduce  the  activities  per  section,  but  also  in  this  instance  the 
activities  per  unit  protein-nitrogen  were  not  appreciably  changed  (Fig.  2). 
Furthermore,  chilling  at  2°  C  for  periods  of  20,  60,  and  120  minutes  failed 
to  affect  the  activities  when  they  were  referred  either  to  tissue  volume  or  to 
protein-nitrogen  (Fig.  2). 

Hypophysectomy  caused  a  marked  decline  in  activities  in  the  fascicular 
and  reticular  zones  without  changing  the  general  distribution  profile,  i.e., 


mm  from  surfoce 


Fig.  2.  Effects  of  turiieiitine  abscesses  (one  week  after  sin)j;le  subcutaneous  injections 
of  0.5  ml.  of  tur|)entine  per  rat),  reiieated  subcutaneous  injections  of  7  inj;.  corti.sone 
acetate  kK-,  and  exjiosure  to  cold  for  various  periods,  on  the  distribution  of  phenol- 
sulfatase  activity  and  protein-nitrogen  in  adrenal  glands  of  male  ablino  rats.  Sections 
2  mm.  diameter,  16  /x  thick  (0.05  /xl.  vol.). 

the  peak  of  activity  still  occurred  in  the  inner  fa.sciculata  with  a  falling  off 
on  both  .sides  (Fig.  3).  I’he  decrea.se  in  activities  by  the  sixth  day  after 
hypophysectomy  was  almost  as  great  as  that  ob.served  after  30  days. 

A  cvtyJcliol  i  ncsicrasr 

In  Figure  4  it  may  be  seen  lhal  the  enzyme  activity  is  concentrated  in 
the  medulla,  and  that  it  falls  off  precipitously  through  the  reticularis  to 
the  fasciculata  and  glomerulosa  in  which  activities  were  not  demonstrable. 
The  influence  of  treatments  with  cortisone,  DCA  in  sesame  oil,  sesame  oil 


mpg  p- Nitrophenol  /  mpg  p - N itrophenol 
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alone,  and  the  effects  of  turpentine  abscesses,  all  were  practically  negligible. 
However  a  single  injection  of  .VCTH  reduced  the  medullary  activity  per 
section  but  this  effect  largely  <lisappeared  when  the  activity  was  based  on 
protein-nitrogen. 


Fig.  3.  Effect  of  hypoi)hysectomy  on  the  phenolsulfatase  activity  in  adrenal  glands 
of  male  albino  rats.  Sections  1.5  mm.  diameter,  16  n  thick  (0.028  vol.). 


Twelve  days  after  hypophysectomy  a  rise  in  medullary  activity  per 
section  seemed  to  have  occurred,  but  this  influence  was  also  essentially 
eliminated  when  the  activity  was  referred  to  the  protein-nitrogen  content 
(Fig.  5).  In  the  adrenals  of  the  rats  used  for  the  hypophysectomy  and  sham- 
operation  some  activity  was  observed  in  the  inner  fasciculata  but  this  fell 
rapidly  to  zero  in  the  middle  and  outer  regions  of  this  zone. 

DISCUSSION 

From  the  data  presented  it  is  clear  that  the  treatment  of  rats  with  doses 
of  ACTH,  DCA,  and  cortisone  which  are  known  to  produce  physiological 
effects  had  little  influence  on  the  histological  distribution  or  magnitude 
of  the  phenolsulfatase  activity.  Furthermore  the  stress  conditions  of  tur¬ 
pentine  abscess  or  cold  also  had  practically  no  effect.  This  refractory  state 
is  all  the  more  interesting  in  the  light  of  the  fact  that  the  adrenal  contains 
one  of  the  very  highest  concentrations  of  this  enzyme  in  the  animal  body, 
Rutenburg  et  nl.  (1952),  Dodgson  et  al.  (1953).  This  situation  is  parallel 
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Fig.  4.  Distribution  of  acetylcholinesterase  activity  and  protein-nitrogen  in  adrenal 
glands  of  male  albino  rats  with  and  without  turpentine  abscesses  (2.5  weeks  after  single 
subcutaneous  injections  of  0.5  ml.  of  turpentine  per  rat),  single  subcutaneous  injections 
of  25  mg.  ACTH/kg.,  repeated  subcutaneous  injections  of  7  mg.  cortisone  acetate/kg., 
repeated  subcutaneous  injections  of  7  mg.  DOCA  in  sesame  oil/kg.,  and  repeated  subcu¬ 
taneous  injections  of  sesame  oil  alone.  Sections  2.0  mm.  diameter,  16  n  thick  (0.05  /xl. 
vol.). 
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to  that  reported  for  |3-gluciironidase  by  Nayyar  and  Glick  (1955)  in  which 
similar  liorinonal  treatments  and  also  stress  conditions  in  monkeys  ef¬ 
fected  no  sifjniHcant  chanfjje  (the  distribution  and  magnitude  of  the  fi- 
glucuronidase  activities  in  the  adrenals  of  the  rat  and  monkey  were  similar). 
Both  of  these  enzymes  most  likely  function  exclusivel}'  in  a  hydroljdic  man¬ 
ner  (a  system  for  synthesis  of  sulfate  or  glucuronate  conjugation  by  rat 
adrenal  was  tested  by  Glick  and  Stecklein  (1955)  and  no  synthetic  action 
could  be  demonstrated)  and  both  enzymes  are  capable  of  the  hydrolysis  of 
hormone  conjugates. 


Fig.  5.  Effect  of  hypophysectomy  on  acetylcholinesterase  activity  in  adrenal  shuids 
of  male  albino  rats.  Sections  1.5  mm.  diameter,  16  p  thick  (0.02.S  pi.  vol.). 


The  parellelism  between  phenolsulfatase  and  /3-glucuronidase  in  the 
adrenal  breaks  down  in  a  comparison  of  their  responses  to  hypophy.sectomy 
of  the  rat.  Whereas  the  former  enzyme  underwent  a  marked  fall  in  con¬ 
centration  in  the  fascicular  and  reticular  zones,  the  latter  had  been  shown 
by  Nayyar  and  Glick  (1955)  to  rise  in  all  zones,  particularly,  however,  in 
the  fa.sciculata  and  reticularis. 

To  arrive  at  a  rationale  for  the  increased  concentration  of  /3-glucuroni- 
dase  in  the  adrenal  following  hypophysectomy,  Nayyar  and  Glick  (1955) 
suggested  the  possibility  that  the  increased  activity  per  unit  of  tissue 
might  be  an  attempt  to  liberate  more  free  hormone  from  the  blood  pool 
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of  conjugate  to  compensate  in  some  degree  for  the  decreased  hormone 
synthesis  in  the  atrophic  adrenal.  Should  this  prove  to  he  a  valid  explana¬ 
tion,  it  certainly  could  not  apply  to  the  change  in  phenolsulfata.se  activity 
which  goes  in  the  opposite  direction.  We  are  left  with  a  situation  now  more 
puzzling  than  ever.  A  point  which  may  be  related,  in  that  sulfatase  is  a 
type  of  esterase,  is  that  an  inverse  relationship  has  been  reported  between 
the  changes  in  ^-glucuronidase  and  esterase  (methyl  butyrase)  activities 
of  mouse  and  human  tissues  following  treatments  with  steroidal  hormones 
(Cohen,  1951). 

As  in  the  case  of  phenolsulfatase  and  (3-glucuronidase,  no  demonstrable 
changes  in  acetylcholinesterase  activities  were  found  after  the  stress  and 
hormonal  treatments.  Click  (1938b)  had  shown  that  acetylcholinesterase 
activities  in  the  gastric  muco.sa  of  the  hog  were  not  influenced  by  the  atro¬ 
pine  inhibition  of  secretion  or  by  the  acetylcholine  or  eserine  stimulation; 
furthermore,  the  activities  were  essentially  the  same  in  the  fasted  and  fed 
state.  It  would  appear  that  the  enzymes  in  question  exist  in  concentrations 
which  are  remarkably  constant  and  independent  of  physiological  and  even 
certain  pharmacological  influences.  While  the  significance  of  this  is  not 
clear,  it  may  be  that  a  relatively  fixed  excess  of  enzyme  is  provided  in  these 
cases  so  that  their  function  can  continue  es.sentially  unchanged  in  spite 
of  a  considerable  range  of  physiological  variation. 

The  pronounced  changes  in  enzyme  concentration  following  hypophy- 
sectomy  which  had  been  observed  for  phenolsulfatase  and  (3-glucuronidase 
did  not  occur  for  acetylcholinesterase.  Again,  the  reason  for  this  is  not 
apparent. 

Although  injections  of  ACTH  had  little  effect  on  the  acetylcholinesterase 
activities  in  the  experiments  presented,  preparations  of  this  hormone 
activate  the  enzyme  in  ntro  according  to  Mian  (1951).  Greig  and  Carter 
(1954)  found  that  the  enzyme  decreased  in  activity  in  rat  kidney  following 
adrenalectomy,  but  that  a  reactivation  in  vitro  could  be  effected  by  adrenal 
cortex  extract,  cortisone,  or  ouabain ;  DC  A  had  no  influence.  The  kidney 
enzyme  from  untreated  rats  was  either  unaffected  or  inhibited  by  these 
same  preparations. 

The  greater  localization  of  phenolsulfatase  in  the  fascicular  and  reticular 
zones,  as  reported  in  this  paper,  may  be  compared  with  the  staining  results 
of  Rutenburg  et  ah  (1952)  who  observed  most  intense  coloring  in  the  fascic- 
ulata,  although  all  cortical  zones  were  stained.  The  localization  of  acetyl¬ 
cholinesterase  primarily  to  the  medulla,  as  revealed  by  the  quatitative 
method,  is  in  accord  with  the  re.sults  by  staining  of  Gomori,  1948,  Koelle 
and  Friedenwald,  1949,  and  Koelle,  1951. 

SUMMARY 

Treatment  of  male  albino  rats  with  ACTH,  DCA,  or  cortisone,  and 
subjecting  them  to  the  stre.ss  conditions  of  turpentine  absce.ss  or  cold. 
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failed  to  cause  demonstrable  changes  in  the  concentration  or  histological 
distribution  of  phenolsulfatase  activity  based  on  the  protein-nitrogen 
content.  Six  days  after  hypophysectomy  a  marked  decline  in  the  activities 
in  the  fascicular  and  reticular  zones  was  found,  and  this  effect  was  almost 
as  great  as  that  observed  after  thirty  days.  The  enzyme  was  localized 
primarily  in  the  inner  fasciculata  and  outer  reticularis. 

Similar  studies  on  acetylcholinesterase  revealed  that  the  same  hormone 
treatments  and  turpentine  abscess  also  were  without  apparent  effect. 
Hypophysectomy  had  minor  influences  on  the  magnitude  of  the  activity 
or  distribution  of  the  enzyme.  The  enzyme  was  localized  primarily  in  the 
medulla. 
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STUDIES  IN  HIST0(;HEMISTRY:  EFFECTS  OF  ACTH,  COR¬ 
TISONE,  AND  DESOXYCORTICOSTERONE  ON  THE 
QUANTITATIVE  HISTOLOCHCAL  DISTRIBUTION 
OF  POTASSIUM  IN  THE  MONKEY  AND 
GUINEA  PIG  ADRENAU  2 
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IXTRODUCTIOX 

IT  HAS  been  the  purpose  of  the  current  series  of  studies  on  the  adrenal 
gland  to  map  out  the  quantitative  histological  distribution  of  sub¬ 
stances  and  activities  of  functional  importance,  and  to  follow  the  effects 
of  altered  physiological  states.  Among  the  cations  present  in  this  tissue, 
potassium  is  of  particular  interest  for  its  prominent  role  in  cell  function. 
The  idea  was  entertained  that  certain  responses  of  the  adrenal  gland  to 
changes  in  the  physiological  state  of  the  organism  might  be  associated  with 
changes  in  potassium  ion  concentrations  in  the  tissue. 

Earlier  Click  et  al.  (1955)  found  that  the  potassium  concentration  was 
relatively  constant  throughout  all  of  the  histological  zones  of  the  monkey 
and  guinea  pig  adrenal  with  the  exception  of  a  small,  but  consistent,  in¬ 
crease  on  a  fat-free  dry  weight  basis,  in  the  border  area  between  the 
glomerulosa  and  fasciculata.  This  work  has  now  been  extended  to  include 
a  study  of  the  effects  of  ACTH,  cortisone  and  DCA  on  the  adrenals  of  the 
same  species. 

EXPERIMEXTAL 

The  M.  rhesus  and  M.  cynomolgus  monkeys  used  were  those  whicli  had  l)een  employed 
by  Bahn  and  Click  (1954)  for  a  study  of  ascorbic  acid  in  the  adrenal.  The.v  were  housed, 
fed,  and  treated  as  described  j)reviously.  Female  Kuinea  pigs  weighing  500-900  gm.  and 
male  albino  rats  (Sprague-Dawley)  weighing  350-.500  gm.  were  used. 

The  monkeys  were  killed  by  shooting  in  the  head  as  described  by  Click  et  al.  (1954), 
and  the  guinea  pigs  were  killed  by  a  single  hammer  blow  on  the  head.  All  animals  were 
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killed  at  the  same  time  of  day  (10  a.m.). 

The  adrenals  were  quickly  removed,  frozen  with  solid  carbon  dioxide  and  stored  at 
—  20°  C.  Microtome  sections  of  fresh  frozen  tissue  were  obtained  for  chemical  analysis 
and  histological  examination  by  the  procedures  described  by  Bahn  and  Click  (1954) 
and  Click  et  al.  (1955).  For  each  sample  of  consecutive  tissue  sections  taken  for  chemical 
analysis,  the  previous  adjacent  section  was  taken  for  histological  identification.  The  latter 
was  made  after  fixing  in  Carnoy’s  solution  and  staining  with  toluidine  blue. 

The  procedures  used  for  total  dry  weight,  fat-free  dry  weight,  and  potassium  determi¬ 
nation  by  flame  i)botometry  were  those  described  by  Click  et  al.  (1955). 


0  0.1  02  03  0.4  0.5  0.6  0.7  08  0.9  1.0  1.1  1.2  1.3  14 
Mm.  from  Surface 


Fig.  1.  Distribution  of  total  dry  material,  fat-free  dry  material,  and  potassium  in 
adrenal  glands  from  M.  rhesus  monkeys  with  and  without  single  intraperitoneal  injec¬ 
tions  of  40  mg.  of  ACTH  (15  mg./'kg.).  Each  tissue  section  was  3  mm.  diameter,  16  p 
thick,  0.11  pi.  vol.  In  all  of  the  figures  the  following  ajiidy:  the  iioints  represent  means, 
vertical  lines  through  ])oints,  the  standard  error  of  means.  Histological  zones  are  indi¬ 
cated  on  the  top  of  each  graph  by  V,  C,  F,  R  and  M  denoting  capsule,  glomerulosa, 
fasciculata,  reticularis  and  medulla,  resjiectiveh’.  Sections  winch  are  mixtures  of  two 
zones  are  indicated  by  the  use  of  both  letters.  Numbers  in  parenthesis  after  the  names  of 
the  species  or  treatment  denote  the  number  of  adrenals  analyzed  to  obtain  the  comjiosite 
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RESULTS 

It  is  apparent  from  Fig.  1  that  within  3  hours  after  tiie  intraperitoneal 
injection  of  40  mg.  of  ACTH  into  M.  rhesus  monkeys  little  effect  on  the 
potassium  concentration  was  obtained  compared  to  the  untreated  controls, 
with  the  exception  of  a  tendency  to  lower  values  on  a  fat-free  dry  weight 
basis  in  the  glomerular  and  bordering  fascicular  zones.  As  might  be  ex¬ 
pected,  the  fat-free  dry  weight  was  unchanged  by  the  treatment  but  the 
total  dry  weight  was  reduced  in  the  outer  and  middle  regions  of  the 
cortex,  primarily  due  to  the  loss  of  cholesterol  ester  from  the  fasciculata, 
Cllick  and  Ochs  (1955).  The  latter  effect  was  exaggerated  by  the  increased 
dose  (100  mg.)  of  ACTH  given  the  M.  cynomolgus  monkeys  (Fig.  2),  but 
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Fui.  2.  Distribution  of  total  dry  material,  fat-free  diy  material,  and  pota.ssium  in 
adrenal  {elands  from  M.  cynomolgus  monkej’s  after  single  intiaperitoneal  injections  of 
100  mg.  of  ACTH  (.30  mg. /kg.),  or  single  intramuscular  injections  of  20  mg.  of  cortisone 
acetate  (10  mg. /kg.),  or  single  intramuscular  injections  of  20  mg.  of  DCA  (10  mg./ kg.). 
Each  section  was  3  mm.  diameter,  16 /ii  thick,  0.11  ^ih  vol. 
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the  tendency  toward  lower  glomerular  potassium  values  which  was  noted 
with  the  smaller  dose  in  the  M.  rhesus  monkeys  was  absent.  Results  ob¬ 
tained  with  the  guinea  pig  adrenal  following  the  subcutaneous  injection  of 
10  mg.  of  AC’TH  are  given  in  Fig.  8,  and  higher  values  for  the  potassium 
concentration  in  the  reticular  zone,  compared  to  the  controls,  may  be  noted. 

The  cortisone  treatment  of  the  M.  cynomolgus  monkey  (Fig.  2)  appears 
to  have  had  no  effect  on  the  dry  weight  values,  but  the  tendency  toward 
lower  glomerular  potassium  values  per  unit  fat-free  dry  weight,  which 
were  observed  after  injection  of  the  lower  dose  of  ACTH  in  the  M.  rhesus 
monkeys,  occurred  in  these  cases.  Higher  concentrations  of  potassium  in 
all  zones  of  the  guinea  pig  adrenal  (Fig.  3)  were  found  but  the  profile  of  the 
distribution  curve  was  essentially  unchanged  from  that  of  the  control. 

The  DCA  treatment  of  the  monkey  (Fig.  2)  produced  the  same  effect  on 
the  dry  weight  values  as  the  ACTH  injection;  but  its  effect  on  the  potas- 


Fig.  3.  Distribution  of  fat-free  dry  material  and  potassium  in  adrenal  glands  from 
guinea  pigs  with  and  without  single  subcutaneous  injections  of  10  mg.  of  ACTH  (1.5 
mg./kg.),  or  5  mg.  of  cortisone  (7.5  mg./kg.),  or  5  mg.  of  DCA  17.5  mg./kg.).  Each 
section  was  3  mm.  diameter,  16  n  thick,  0.11  ;ul.  vol. 
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sium  per  unit  fat-free  dry  weight  was  the  same  as  that  observed  following 
the  cortisone  injection.  In  the  guinea  pig  adrenal  (Fig.  '^)  the  potassium 
values  following  DC^V  administration  were  similar  to  those  obtained  after 

a(;th. 


DISCUSSION 

From  the  data  obtained,  it  is  doubtful  whether  any  effect  on  the  po¬ 
tassium  content  per  unit  fat-free  weight  in  any  adrenal  zone  can  be  as¬ 
cribed  to  the  single  injections  of  the  hormones  used,  although  these  injec¬ 
tions  are  known  to  affect  the  functional  state  of  the  organ.  The  differences 
noted,  compared  to  the  controls,  did  not  seem  to  follow'  a  pattern  consis¬ 
tent  with  any  clear  interpretation.  If  the  differences  seen  are  indeed  signif¬ 
icant,  further  exidence  would  be  required  to  establish  it.  Changes  that 
may  have  occurred  at  the  celHevel  might  not  influence  the  overall  concen¬ 
trations  observed  in  microtome  sections. 

The  loss  of  total  lipid  from  the  cortex  of  the  monkey  adrenal  following 
single  injections  of  ACTH  or  DCA,  and  the  lack  of  appreciable  effect  from 
a  single  injection  of  cortisone,  parallel  the  results  obtained  by  Click  and 
Ochs  (1955)  for  depletion  of  cholesterol  ester  after  similar  treatments. 

SUMMARY 

The  quantitative  histological  distribution  of  potassium  in  monkey  and 
guinea  pig  adrenals  was  studied  following  single  injections  of  ACTH,  cor¬ 
tisone,  and  DCA  in  doses  sufficient  to  affect  adrenal  function.  No  signif¬ 
icant  effects  on  the  per  cent  potassium  per  unit  fat-free  dry  weight  could 
be  ascribed  to  any  of  these  treatments  although  certain  variations  w'ere 
noted. 

Depletion  of  total  lipid  material  from  the  monkey  adrenal,  principally 
from  the  fascicular  zone,  after  injections  of  ACTH  and  DCA,  and  the 
absence  of  this  effect  after  cortisone,  w'ere  similar  to  the  changes  which 
had  been  previously  observed  in  the  cholesterol  ester  concentration  follow¬ 
ing  similar  treatments. 
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PHOSPHORUS  METABOLISM  OF  THE  ADRENAL 
GLAND;  EFFECT  OF  COLD  STRESS  ON  THE 
LABELING  OF  PHOSPHOLIPID  AND  RNA 
NUCLEOTIDES  WITH  RADIOACTIVE 
INORGANIC^  PHOSPHATE^ 

DORIS  NICHOLLS,2  F.  C.  HEAGY*  and  R.  J.  ROSSITER 

Department  of  Biochemistry,  University  of  Western  Ontario,  London  Canada 

PREVIOUSLY  it  was  reported  that  exposure  of  rats  to  a  cold  environ¬ 
ment  (3±1°  C")  for  both  short  periods  (2,  3,  6  hours)  and  somewhat 
longer  ones  (2,  4,  8,  10  days)  caused  an  increase  in  the  incorporation  of 
radioactive  phosphorus  (P-^-)  into  the  inorganic  phosphate,  20-minute 
hydrolyzable  phosphorus,  and  total  acid-soluble  phosphorus  of  the  adrenal 
gland,  without  concomitant  change  in  phosphorus  concentration.  Evi¬ 
dence  was  presented  for  the  view  that  this  could  be  explained  by  an  in¬ 
crease  in  the  rate  at  which  inorganic  P^^  passes  from  the  extracellular  to 
the  cellular  portion  of  the  gland  (Nicholls  and  Rossiter,  1955a).  Further¬ 
more,  there  is  good  evidence  that  the  early  (2  or  3  hours  in  the  cold)  re¬ 
sponse  in  the  adrenal  phosphorus  metabolism  is  caused  by  the  release  of 
endogenous  ACTH  from  the  pituitary,  and  that  the  later  response  (8  days 
in  the  cold)  is,  in  part  at  least,  associated  with  an  increase  in  the  activity 
of  the  thyroid  gland  (Nicholls  and  Rossiter,  1955b). 

It  is  well  establi.shed  that  removal  of  the  pituitary  gland  cau.'^es  a  de- 
crea.se  in  the  incorporation  of  inorganic  P'*'^  into  the  total  acid-soluble  phos¬ 
phorus  fraction  (Reiss  and  Halkerston,  1950),  inorganic  phosphate  (Gem- 
zell  and  Samuels,  1950;  Riedel,  Logan,  DeLuca  and  Ro.ssiter,  1954a),  lipid 
phosphorus  (Riedel,  Logan  and  Rossiter,  1954b)  and  ribonucleic  acid  (RNA) 
phosphorus  (Logan,  Heagy  and  Rossiter,  1955)  of  the  adrenal  gland.  In 
each  instance,  the  changes  brought  about  by  hypophysectomy  are  re¬ 
versed  rapidly  by  a  single  injection  of  ACTH. 

J'or  the  acid-soluble  phosphorus  compounds,  the  effect  of  a  short  ex¬ 
posure  of  the  animal  to  a  cold  environment  is  similar  to  that  produced  by 
the  administration  of  ACTH  to  a  hypophy.sectomized  animal.  If  the 
changes  in  adrenal  phosphate  metabolism  that  follow  a  short  period  of 
cold  stress  are  produced  by  the  liberation  of  ACTH  from  the  pituitarj^ 
as  suggested  by  Nicholls  and  Ro.ssiter  (1955b),  it  follows  that  such  endog- 
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enoiis  ACTH  should  produce  the  changes  in  the  labeling  of  phospholipid 
and  RNA  reported  by  Riedel  d  nl.  (lR54b)  and  Logan  d  iil.  (1955)  for 
exogenous  Af^TH.  'I'he  exjMuiinents  described  in  th(‘  present  i>aper  were 
designed  to  test  this  hypothesis. 


METHODS 

Experimental  Procedure 

Male  rats  (85-160  Rin.)  of  the  Sprague-Dawley  strain,  maintained  at  an  environmen¬ 
tal  temperature  of  22  ±  1°  C,  were  injected  intraperitoneally  with  200  pc.  as  inorganic 
phosphate.^  The  animals  either  were  maintained  at  the  same  environmental  temperature 
of  22°  C,  or  were  transferred  for  the  next  16  hours  to  a  cold  room  maintained  at  3  ±  1°  C. 
At  the  end  of  this  time  blood  samples  were  obtained  and  the  adrenal  glands  removed  as 
described  previously  (Nicholls  and  Rossiter,  1955a).  During  the  exjieriment  all  animals 
were  allowed  free  access  to  food  (Master  Fox  Cubes,  Toronto  Elevators,  Ltd.)  and 
water. 

Analytical  and  Counting  Methods 

The  adrenals  from  nine  rats  were  pooled  to  provide  sufficient  tissue  for  the  isolation 
of  the  RNA  nucleotides.  The  adrenals  were  frozen  rapidly  by  plunging  into  liquid  nitro¬ 
gen,  weighed  in  the  frozen  state,  and  then  homogenized  in  ice-cold  10%  trichloroacetic 
acid  using  a  homogenizer  of  the  Potter-Eh'ehjem  type.  The  concentration  and  the 
specific  activity  of  the  inorganic  P  of  the  trichloroacetic  acid  extracts  of  a  pooled  sample 
of  plasma  and  the  pooled  adrenals  were  determined  by  the  method  of  Ernster,  Zetter- 
strom,  and  Lindberg  (1950),  as  described  by  Nicholls  and  Rossiter  (1955a).  The  tissue 
residue  was  washed  and  the  lipids  extracted  for  the  determination  of  the  concentration 
and  s|)ecific  activity  of  the  lipid  P,  as  described  by  Riedel  et  al.  (19.54,  19.54b).  The  nucleic 
acids  then  were  extracted  and  the  specific  activity  of  the  individual  RNA  nucleotides  de¬ 
termined  after  separation  by  ionophoresis  on  filter  paper  by  the  method  of  Davidson  and 
Smellie  (1952).  Details  of  the  method  may  be  found  in  the  paper  by  Logan  et  al.  (195.5). 

In  experiments  in  which  the  concentration  of  nucleic  acid  P  was  determined,  the  ad¬ 
renals  from  two  animals  were  pooled.  The  tissue  residue  remaining  after  extraction  of 
the  lipids  was  hydrolyzed  for  IS  hours  at  37°  C  in  l.ON  KOH.  The  RNA  was  separated 
from  the  desoxyribonucleic  acid  (DNA)  by  acid  precipitation  of  DNA  and  insoluble  pro¬ 
tein  according  to  the  method  of  Schmidt  and  Thannhauser  (194.5).  The  RNA  phos¬ 
phorus  was  estimated  as  the  difference  between  the  total  P  and  the  inorganic  P  in  the 
supernatant.  No  correction  was  made  for  non-nucleotide  organic  P  (Logan,  Manned 
and  Rossiter,  1952).  The  DNA  phosphorus  was  estimated  as  the  difference  between  the 
total  P  in  the  hydrolysate  and  that  in  the  supernatant. 

Radioactivity  was  measured  with  an  M-6  liquid  counter  (20th  Century  Electronics). 
Counting  rates  were  corrected  for  background  and  decay.  Specific  activities  (exj)ressed 
as  counts/ min. //xg.  P)  were  adjusted  to  a  standard  injection  of  4.3X10’  counts  i)er  min¬ 
ute  per  200  gm.  bod}’  weight. 

RESULTS 

Plasma  Inorganic  Phosphate 

Table  1  shows  that  the  specific  activity  of  the  inorganic  P  of  the  plasma, 
16  hours  after  the  injection  of  was  not  changed  significantly  by  ex¬ 
posure  of  the  animals  to  cold  for  the  16  hours  of  the  experiment.  This  find- 

*  Obtained  from  Commercial  Products  Division,  Atomic  Energy  of  Canada,  Limited. 
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‘mg  is  consistent  with  previous  experiments,  wliere  the  specific  activity  of 
tlie  plasma  inorganic  1’  was  (l<Uermine<l  either  2  or  If  hours  after  P’-  ail- 
ministration  in  rats  exi)ose(l  to  cold  for  2,  If,  ti  or  24  hours  (Nicholls  and 
Rossi  ter,  1955a). 

Table  1  also  shows  that  after  the  animals  had  been  in  the  cold  for  IG 
hours  there  was  a  statistically  significant,  though  small,  increase  in  the 
concentration  of  inorganic  P  in  the  plasma.  A  similar  increase  was  found 
in  the  previous  study  for  animals  exposed  to  the  cold  for  6  and  24  hours 
(Nicholls  and  Rossiter,  1955a). 

Adrenal  Inorganic  Phosphate 

There  was  a  significant  increase  in  both  the  specific  activity  of  the 
adrenal  inorganic  P  and  the  specific  activity  of  the  adrenal  inorganic  P 
relative  to  that  of  the  inorganic  P  of  the  plasma  in  animals  exposed  to  the 


Tabi.e  1.  Effect  of  exposure  to  the  cold  (3  ±  1°  C)  for  16  hoi  rs  on  the  concentration 

AND  SPECIFIC  ACTIVITY  OF  THE  INORGANIC  PHOSPHORUS  OF  THE  PLASMA  AND  OF  THE 
ADRENAI.  GLAND  OF  THE  RAT 


Plasma  inorganic  P  ]  Adrenal  inorganic  P 
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Xo. 
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1  niiiia- 
tioiis 
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('oHccn- 
t  rut  ion 
(mg.  100 
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Specific 
activity* 
(cts./ min. 
/mK-P) 

('oncen-  j 
tration 
(iHS./lOO 
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Sjiecific  1 
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/Vg-P) 

Specific 
activity 
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to  plasma 
inorganic 
PXIO’ 

Room  tomper- 
iituro 

! 

15  ! 

8.00±0.15t 

50.8+2.0 

14.7+0.56 

52.8  +  2.5 

104+2.5 

16  hours  cold 

7 

10.8  +0.18 

1  52.3+2.1 

14.4±0.82 

68.0+3.3 

130+3.9 

P‘ 

<0.001 

1  >0.6 

>0.7 

j  <0.001 

<0.001 

*  Injected  dose,  4.3X10’  cts./min.  for  a  200  gm.  rat. 
t  Mean  +  standard  error. 

*  P  value  for  animals  in  the  cold  conijian^d  with  control  rats  at  room  temperature. 


cold  for  IG  hours  (Table  1).  A  similar  increase  was  reported  for  the  relative 
specific  activity  of  the  adrenal  inorganic  P  2  or  3  hours  after  P^-  adminis¬ 
tration  in  rats  exposed  to  cold  for  2  or  3  hours,  respectively  (Nicholls  and 
Rossiter,  19.55a).  In  other  experiments,  the  increase  was  observed  30  min¬ 
utes  after  P^-  administration  in  rats  exposed  to  cold  for  as  little  as  30  min¬ 
utes. 

No  significant  change  in  the  concentration  of  inorganic  P  in  the  adrenal 
was  observed,  either  in  the  present  experiments  (Table  1),  or  in  previous 
experiments  in  which  the  animals  were  exposed  to  cold  for  2,  G  or  24  hours 
(Nicholls  and  Rossiter,  1955a). 

The  increase  in  the  specific  activity  of  the  inorganic  P  of  the  adrenal 
may  represent  an  increase  in  the  specific  activity  of  the  cellular  inorganic 
P.  It  .should  be  borne  in  mind  that  the  specific  activity  of  the  whole  gland, 
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a  short  time  after  the  injection  of  P**,  does  not  necessarily  give  an  estimate 
of  the  specific  activity  of  the  cellular  inorganic  P,  since  there  may  be  im- 
e{|ual  penetration  of  the  isotope  into  the  extracellular  and  cellular  com¬ 
partments  of  the  gland.  The  measured  inorganic  P  of  the  whole  gland  is 
partly  extracellular  (plasma  and  interstitial  fluid)  and  partly  cellular.  The 
difficulties  of  determining  the  specific  activity  of  the  cellular  inorganic  P 
are  well  known.  How’ever,  if  the  specific  activity  of  the  cellular  inorganic 
P  is  calculated  by  the  method  of  Hevesy  (1948),  making  the  assumptions 
previously  described  (Nicholls  and  Rossiter,  1955a),  it  is  found  to  be  in¬ 
creased  significantly  and  consistently  in  the  rats  exposed  to  the  cold. 

Figure  1  shows  the  calculated  specific  activity  of  the  cellular  inorganic 
P  of  the  adrenal  gland  at  different  times  after  P'^^  administration  for  ani- 


Fig.  1.  Effect  of  exposure  to  the  cold  (3  + 1°  C)  on  the  specific  activity  of  the  inorganic 
phosphate  of  the  plasma  and  the  intracellular  fluid  of  the  adrenal  gland  of  the  rat. 
P(x-x-x),  plasma  inorganic  P;  A(o-o-o),  adrenal  cellular  inorganic  P  for  rats  at  22°; 
C(#-#-#),  adrenal  cellular  inorganic  P  for  rats  at  3°.  Each  j)oint  represents  the  mean 
of  9  or  more  animals. 
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mals  either  maintained  at  room  temperature,  or  exposed  to  the  cold  at  the 
same  time  as  the  isotope  injection.  The  figure  also  shows  the  specific  ac¬ 
tivity  of  the  inorganic  P  of  the  plasma,  which  was  not  significantly  dif¬ 
ferent  for  the  two  grou])s. 

As  found  previously  by  Kie<lel  ami  Hossiter  (  H)54),  the  sp(*cilic  activity 
of  the  cellular  inorganic  P  of  the  adrenal  gland  of  the  rats  maintained  at 
room  temperature  reached  that  of  the  inorganic  P  of  the  plasma  approxi¬ 
mately  3  hours  after  the  P’’-  administration  and  thereafter  the  two  specific 
activities  declined  together.  For  the  animals  maintained  in  the  cold,  how¬ 
ever,  the  specific  activity  of  the  cellular  inorganic  P  of  the  adrenal  gland 
reached  that  of  the  inorganic  P  of  the  plasma  much  more  rapidly  (less  than 
2  hours).  During  the  first  16  hours  after  the  P'^-  injection  the  specific  ac¬ 
tivity  of  the  cellular  inorganic  P  remained  greater  than  that  of  the  inor¬ 
ganic  P  of  the  plasma  in  the  cold-exposed  animals. 


Tabi.k  2.  Ekfkct  of  kxposi  re  to  the  coi.i)  (3  +  1®  C')  for  Id  hours  ox  the  specific 

ACTIVITY  OF  THE  I.IPII)  PHOSPHORUS  OF  THE  AHRBNAI,  GLAND  OF  THE  RAT 


('■roup 

1 

No. 

deter¬ 

minations 

j 

Specific  j 

activity* 
(cts./min./fxg.  P) 

Specific 
activity 
relative  to 
plasma 
inorganic 
PX10» 

Specific 
activitj' 
relative  to 
adrenal 
'  inorganic 

Pxio* 

Room  t(“mp(‘raturo 

15 

26.6  +  1.4t 

52.7  +  1.7 

50.4+0.7 

1(>  hours  cold 

7 

46.8+3.1 

89.0+4.0 

68.9+2.8 

<0.001 

<0.001 

!  <0.001 

*  Iiijoctcil  (lose,  4.3X10’  cts./min.  for  a  200  gm.  rat. 
t  Mean  ± standard  error. 

'  P  value  for  animals  in  the  cold  compared  with  control  rats  at  room  temperature. 


Adrenal  Phospholipid 

Table  2  shows  that  exposure  of  the  animals  to  cold  cau.sed  a  significant 
increase  in  the  .specific  activity  of  the  lipid  P.  The  specific  activity  of  the 
lipid  P  relative  to  that  of  the  inorganic  P  of  either  the  plasma  or  the 
adrenal  gland  itself  was  also  increa.sed.  The  value  obtained  for  the  relative 
specific  activity  of  the  lipid  P  of  the  animals  maintained  at  room  tem¬ 
perature  agrees  with  that  previou.sly  reported  from  this  laboratory  (Riedel, 
et  nl.,  1954,  1954b). 

In  the  interpretation  of  specific  activity  measurements  it  is  important 
to  know  if  the  total  amount  of  the  con.stituent  under  study  remained  con¬ 
stant  throughout  the  course  of  the  experiment.  Table  3  shows  that  for  the 
lipid  P  this  was  not  the  ca.se.  During  the  16  hours  of  cold  exposure  there 
was  a  significant  (P  <0.05)  increase  in  the  concentration  of  lipid  P  in  the 
adrenal.  Although  the  cold  expo.sure  did  not  cause  a  significant  change  in 
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Table  3.  Kfkect  of  exposure  to  the  cold  (3±1®  C)  for  16  hours  on  the  combined 

ADRENAI,  WEIGHT  AND  THE  CONCENTRATION  OF  LIPID  PHOSPHORUS  IN  THE  ADRENAL 

GLAND  OF  THE  RAT 


(I  roup 

.No. 

deler- 

minations 

CondiiiH'd 
adrenal 
weight  (mg.) 

l.ipid  P 
(mg.  '  100  gill.) 

'I'otal  lipid  P 
(Mg. /pr. 
adrenals) 

Room  t<*mperature 

15 

27.3  ±0.8* 

149  ±1.3 

40.8±1.2 

16  hours  cold 

7 

29.0  ±0.8 

157±4.3 

45. 6  ±1.3 

Percentage  increase 

7.2% 

5.5% 

11.8% 

P> 

0.2-0. 1 

<0.05 

<0.05 

*  Mean  ±  standard  error. 

'  P  value  for  animals  in  the  cold  compared  with  control  rats  at  room  temperature. 


the  combined  weight  of  the  adrenal  glands,  the  mean  figure  was  increased 
slightly,  so  that  the  percentage  increase  in  total  lipid  P  per  pair  of  adrenal 
glands  was  greater  than  the  percentage  increase  in  the  concentration  of 
lipid  P. 

It  might  be  considered  surprising  that  exposure  of  an  animal  to  cold  for 
such  a  short  period  of  time  should  cause  a  significant  change  in  the  con¬ 
centration  of  lipid  P.  However,  exogenous  ACTH  can  cause  equally  rapid 
changes  in  the  concentration  of  lipid  P.  Riedel  et  al.  (1954,  1954b)  found 
that  the  concentration  of  lipid  P  was  decreased  48  hours  after  removal  of 
the  pituitary.  In  hypophysectomized  rats  an  intraperitoneal  injection  of 
ACTH  caused  a  significant  increase  within  20  hours. 

The  concentration  of  lipid  P  in  the  adrenals  of  the  rats  maintained  at 
room  temperature  was  higher  than  that  reported  previously  (Riedel,  et  al., 
1954,  1954b),  while  the  total  amount  of  lipid  P  (per  pair  of  adrenals)  was 
lower.  These  differences  may  be  explained  by  the  fact  that  younger  rats 
were  used  for  the  present  investigation. 

Adrenal  RNA  Nucleotides 

Table  4  shows  the  effect  of  exposure  to  the  cold  for  16  hours  on  the  in¬ 
corporation  of  P®^  into  the  four  RNA  nucleotides  of  the  adrenal  gland.  In 


Table  4.  Effect  of  exposure  to  the  cold  (3  ±  1°  C)  for  16  hours  ox  the  rel.ative 
SPECIFIC  .activity  OF  THE  RNA  NUCLEOTIDES  OF  THE  ADRENAL  GLAND  OF  THE  RAT 


Group 

No. 

deter¬ 

minations 

Specific  activity  relative  to  adrenal 
inorganic  P  X 10* 

Adenylic 

acid 

Guanylic 

acid 

Cytidylic  , 
acid 

Uridylic 

acid 

Room  temperature 

i  13 

1 

35.7±2.2* 

32.8±1.4 

33.8±1.4 

33.3±1 .7 

16  hours  cold 

6 

57.3±4.3 

54.6±4.0 

55.6±4.0 

55.4  ±7.5 

Pi 

<0.001 

<0.001 

<0.001 

<0.001 

♦  M«*!in +stiviHlard  error. 

‘  P  value  for  animals  in  the  cold  compared  with  control  rats  at  room  temperature. 


May,  IDoU  (X)LD  AND  ADUKNAL  UNA  AND  PllOSlMIOLll’ID 


593 


the  cold-exposed  animals  the  specific  activity  of  each  of  the  four  nucleo¬ 
tides,  relative  to  the  specific  activity  of  the  adrenal  inorganic  P,  was  in¬ 
creased  significantly.  Since  the  specific  activity  of  the  inorganic  P  of  the 
adrenal  of  the  cold-exposed  rats  was  shown  to  be  greatly  increased  (Table 
1),  it  follows  that  there  was  an  even  larger  increase  in  the  specific  activity 
(in  terms  of  counts  min,  ng.  P)  of  the  RNA  nucleotides.  The  percentage 
increases  in  the  relative  specific  activities  of  the  four  nucleotides  were  simi¬ 
lar,  and  nearly  twice  as  great  as  that  for  the  lipid  P. 

DISCUSSION 

Phospholipid 

The  increase  in  the  specific  activity  of  the  lipid  P  in  the  adrenal  glands 
of  rats  exposed  to  cold  may  be  the  result  of  (a)  an  increase  in  the  rate  of 
renewal  of  lipid  P,  with  no  net  synthesis  of  lipid  P  during  the  16  hours  of 
the  experiment,  (b)  a  net  synthesis  of  lipid  P  during  the  experiment,  with 


Table  5.  Calcl  lation  of  net  synthesis  of  lipid  phosphori  s  necessary  to 

ACCOl’NT  FOR  OBSERVED  INCREASE  IN  SPECIFIC  ACTIVITY 


Hoorn 

temperature  ; 

10  hours  cold 

CiilculiiUMl  mean  specific  activity  of  iiitra<'ellular  j 
inorganic  P  (cts./min./jig.  P) 

130 

189  (a) 

()l)seived  mean  specific  activity  of  lipid  P  from  I 
Table  2  (cts./min.//ug.  P) 

20.  () 

40.8  (b) 

('alculated  specific  activity  of  lipid  P,  if  renewal 
rate  was  the  same  as  for  room  temperature  ani¬ 
mals  (cts./min.//ig.  P) 

■  38.7  (c) 

('alculated  new  lipid  P  that  must  be  synthesized 
to  account  for  increase  in  specific  activity  of 
lipid  P,  without  anv  increase  in  renewal  rate 
(%) 

r(h-v)  -| 

i  5.7% - X  100 

L(a-b)  J 

no  change  in  the  rate  of  renewal  of  lipid  P  already  present,  or  (c)  both  an 
increase  in  the  rate  of  renewal  and  a  net  synthesis  of  lipid  P. 

It  is  known  from  the  data  presented  in  Table  3  that  exposing  an  animal 
to  the  cold  for  16  hours  causes  an  increase  in  the  amount  of  lipid  P  in  the 
adrenals  expressed  as  ng.  P  per  pair  of  adrenals.  It  remains  to  be  shown 
whether  sufficient  new  lipid  is  synthesized  to  account  for  the  observed 
increase  in  the  specific  activity  of  the  lipid  P,  or  whether  there  is  also  an 
increase  in  rate  of  renewal  of  the  lipid  P  already  present. 

Table  shows  the  mean  specific  activity  of  the  adrenal  intracellular  in¬ 
organic  P,  evaluated  graphically  from  Fig.  1,  for  liotli  the  room-tempera¬ 
ture  and  the  cold-<*xposed  animals.  Table  ;>  also  shows  that,  if  the  renewal 
rate  of  the  lipid  P  in  the  adrenals  of  the  cold-exposed  rats  were  the  same 
as  that  of  the  control  rats  maintained  at  room  temperature,  the  specific 
activity  of  the  lipid  P  would  be  (26.6 X 189)/ 130,  or  38.7  counts  per  min. 
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per  Mg-  P,  instead  of  the  observed  46.8,  For  the  cold-exposed  animals  it 
may  be  calculated  that  the  synthesis  of  an  additional  5.7%  new  lipid  P 
during  the  16  hours  of  the  experiment  would  account  for  the  observed  in¬ 
crease  in  specific  activity  of  lipid  P.  In  this  calculation  (details  given  in 
Table  5)  the  assumption  is  made  that  the  lipid  P  synthesized  during  the 
experiment  is  formed  in  the  adrenal  gland  from  inorganic  P,  or  from  some 
compound  in  rapid  equilibrium  with  inorganic  P,  with  no  rate-limiting  re¬ 
action  intervening,  i.e.  that  the  specific  activity  of  the  newly  synthesized 
lipid  P,  as  opposed  to  that  of  the  lipid  P  already  present  and  part  of  which 
is  renewed,  is  the  same  as  the  mean  specific  activity  of  the  intracellular 
inorganic  P  throughout  the  16-hour  period  during  which  the  animal  was 
expo.sed  to  the  cold.  Although  little  is  known  of  the  biosynthesis  of  phos¬ 
pholipids  in  the  adrenal  gland,  experiments  in  this  laboratory’  have  shown 
that  the  phospholipids  of  the'adrenal  are  labeled  in  vitro  from  inorganic 
P^^.  For  other  ti.ssues,  some  of  the  details  of  phospholipid  formation  have 
been  elucidated  (Kennedy,  1953;  Kennedy  and  Weiss,  1955;  Kornberg 
and  Pricer,  1953). 

The  figure  of  5.7%  .shown  in  Table  5  is  con.siderably  less  than  the  11.8% 
reported  in  Table  3  for  the  increa.se  in  the  amount  of  lipid  P  in  the  adrenal 
during  the  16-hour  period,  or  the  increase  of  13.8%  reported  in  Table  6. 
It  may  be  concluded  that  the  increased  labeling  of  lipid  P  in  the  adrenal 


Tabi.k  6.  Effect  of  exposcre  to  the  cold  (3  ±  1°  (')  for  Hi  hocrs  ox  the  coxcextratk)N 

OF  LIPID  PHOSPHORCS  AM)  RIBONI  CLEIC  ACID  PHOSPHORI  S  RELATIVE  TO  THAT  OF 
DESOXYRIBOXCCLEIC  ACID  PHOSPHORC.S  IX  THE  ADREXAL  OLAXD  OF  THE  RAT 


No. 

deter¬ 

minations 

Lipid  P 

UNAP 

ON.AP 

Lipid  P 

(iroup 

(ing.  ' 
100 
gni.) 

(mg. ' 
100 
(tin.) 

(mg. 

100 

gill.) 

(mk.  ' 
pr.) 

(mJ 

pr.) 

(mk- 

pr.) 

DN.AP 

DN.AP 

Room  temperature 

12 

151* 

±2.8 

42.1 

±.3.1 

45.4 

±2.4 

12.6 

±0.7 

49.4 

±2.1 

13.7 

±0.7 

3.11  ±0.14 

0.9.5±0.08 

16  hours  oold 

12 

15.5 

±4.6 

47.9 

±1.6 

47.7 

±2.6 

14.7 

±0.8 

.50.7 

±3.1 

15.6 

±1.0 

3.16±0.19 

1.00±0.10 

Percentage  increase 

13.8% 

16.7% 

13.9% 

P> 

>0.4 

1 

6d 

1 

>0.5 

0.1- 

0.05 

>0.7 

do  1 

>0.8 

>0.7 

*  Mean  ±  standard  error. 

*  P  value  for  animals  in  the  eold  compared  with  control  rats  at  room  temperature. 


glands  of  rats  expo.sed  to  cold  can  be  accounted  for  by  the  synthesis  of 
new  lipid  P,  and  that  there  is  no  need  to  po.stulate  an  increase  in  the  rate 
of  renewal  of  the  lipid  P  already  present. 

RXA  Nucleotides 

In  experiments  such  as  these,  isolation  of  the  RNA  nucleotides  is  neces¬ 
sary,  since  the  tissue  RNA  phosphorus,,  as  separated  by  the  usual  pro¬ 
cedures,  contains  a  number  of  high-activity  non-nucleotide  phosphorus- 

®  Dennes,  Elizabeth:  unpublished  observations. 
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containing  compounds  (Davidson,  Frazer  and  Hutchinson,  1951 ;  DeLuca, 
Rossiter  and  Strickland,  1953).  Unfortunately,  the  method  used  for  the 
isolation  of  the  RNA  nucleotides  is  not  quantitative,  although  it  yields 
a  product  suitable  for  specific  activity  measurements.  In  order  to  deter¬ 
mine  whether  the  exposure  of  the  animals  to  cold  for  16  hours  caused  the 
synthesis  of  new  RNA,  .similar  to  the  net  synthesis  of  lipid  P,  further  ex¬ 
periments  were  undertaken  using  the  method  of  Schmidt  and  Thannhauser 
(1945)  for  the  quantitative  determination  of  RNA  and  DNA. 

Table  6  shows  that  exposure  of  the  rats  to  the  cold  for  16  hours  caused 
no  significant  change  in  the  concentration  of  lipid  P,  RNA  or  DNA.  How¬ 
ever,  there  was  an  increase  in  the  mean  amount  of  each  of  these  substances 
when  the  results  were  expressed  in  terms  of  /xg.  P  per  pair  of  adrenal  glands. 
The  probability  that  these  increases  are  the  result  of  the  cold  exposure  is 
relatively  high  (P  =  0.2-0.05).  In  the  previous  experiments  (Table  3),  in 
which  a  larger  sample  of  adrenal  ti.ssue  was  analyzed  (9  pairs  instead  of  2 
pairs),  the  increa.se  in  the  amount  of  lipid  P  per  pair  of  adrenals  was  .sig¬ 
nificant  at  the  5%  level.  Also,  in  experiments  still  unpublished  the  increase 
in  the  amounts  of  lipid  P  and  RNA  per  pair  of  adrenals  in  rats  exposed  to 
the  cold  for  a  longer  period  (8  days)  was  highly  significant  statistically 
(F  <0.001). 

The  possibility  remained,  therefore,  that  the  increased  specific  activity 
of  the  ribonucleotides  in  the  adrenals  of  rats  exposed  to  cold,  in  a  fashion 
similar  to  that  already  de.scribed  for  lipid  P,  might  be  attributed  to  net 
synthesis  of  RNA,  rather  than  to  an  increase  in  the  rate  of  renewal  of 
ribonucleotide  P  already  present.  A  calculation  similar  to  that  shown  in 
Table  5  for  lipid  P,  with  similar  a.ssumptions,  indicates  that  the  synthesis 
of  7.9%  new  RNA  would  account  for  the  increase  observed  in  the  mean 
specific  activity  of  the  RNA  nucleotides  in  the  adrenals  of  the  animals  ex¬ 
posed  to  the  cold  for  16  hours.  This  figure  is  considerably  le.ss  than  the 
mean  increa.se  of  16.7%  reported  in  Table  6.  Thus  the  increased  labeling 
of  the  ribonucleotide  P  in  the  adrenals  of  rats  exposed  to  cold,  like  the  in¬ 
crease  in  the  labeling  of  lipid  P,  can  be  accounted  for  by  the  synthesis  of 
new  material.  There  is  no  need  to  postulate  an  increa.se  in  the  rate  of  re¬ 
newal  of  ribonucleotide  P  already  pre.sent. 

Adrenal  Phosphorus  Metabolism  in  Cold-Exposed  Animals 

The  results  presented  here  confirm  the  finding  of  Nicholls  and  Rossiter 
(1955a)  that  there  is  an  increase  in  the  incorporation  of  P*-  into  the  inor¬ 
ganic  P  of  the  adrenal  glands  of  rats  exposed  to  cold  for  short  periods  of 
time.  It  has  been  shown  now'  that  exposure  of  the  rats  to  the  cold  for  16 
hours  causes  an  increa.se  in  the  labeling  of  phospholipids  and  RNA  nucleo¬ 
tides.  In  addition,  there  is  an  increase  in  the  total  amount  of  lipid  P,  RNA 
and  DNA  in  the  gland.  The  increa.se  in  the  lipid  P  and  the  RNA  is  of  the 
same  order  as  the  increase  in  the  DNA.  The.se  increa.ses  are  a.ssociated  with 
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the  adrenal  hyperplasia  known  to  occur  in  animals  exposed  to  the  cold. 

The  changes  in  the  phosphorus  metabolism  of  the  adrenals  of  rats  ex¬ 
posed  to  the  cold  for  16  hours  are  very  similar  to  those  that  occur  in  the 
adrenals  of  hypophysectomized  rats  20  hours  after  an  intraperitoneal  in¬ 
jection  of  ACTH  (Riedel  et  al.,  19o4a;  Riedel  et  al.,  1954b;  Logan  ct  al., 
1955).  This  gives  added  strength  to  the  suggestion  of  Nicholls  and  Rossiter 
(1955b)  that  the  changes  in  phosphorus  metabolism  of  the  adrenal  gland 
that  follow  short  periods  of  cold  exposure  are  due  to  the  release  of  endoge¬ 
nous  ACTH  from  the  pituitary. 

After  reviewing  the  evidence,  Logan  ct  al.  (1955)  concluded  that  there 
are  at  least  two  changes  in  the  phosphorus  metabolism  of  the  adrenal 
glands  of  hypophysectomized  rats  brought  about  by  an  injection  of  ACTH ; 
(a)  an  increase  in  the  rate  at  which  inorganic  passes  from  the  extracellu¬ 
lar  to  the  cellular  portion  of  the  gland  and  (b)  an  increase  in  the  formation 
of  organic  compounds  (e.g.  lipid  P  and  RNA  nucleotides)  from  cellular 
inorganic  P. 

Nicholls  and  Rossiter  (1955a)  concluded  that  in  animals  exposed  to  cold 
for  a  short  period  of  time  there  is  an  increase  in  the  rate  at  which  inorganic 
P*^  pas.ses  from  the  extracellular  to  the  cellular  portion  of  the  adrenal 
gland.  In  the  present  paper  a  net  synthesis  of  P-containing  compounds 
(lipid  P  and  RNA  nucleotides)  has  been  demonstrated.  These  studies, 
taken  in  conjunction  with  others  published  from  the  laboratory,  indicate 
that  activation  of  the  adrenal  gland  by  either  exogenous  or  endogenous 
ACTH  results  in  a  characteristic  series  of  changes  in  the  phosphorus  me¬ 
tabolism.  These  probably  indicate  a  change  in  the  over-all  metabolism  of 
the  gland.  The  primary  site  of  the  action  of  ACTH  on  adrenal  metabolism 
is  .still  unknowui. 


SUMMARY  AXD  CONCLUSIONS 

The  specific  activity  of  the  inorganic  phosphorus  of  the  adrenal  gland 
of  rats  maintained  in  a  cold  environment  (3  +  1°  C)  for  the  16  hours  im¬ 
mediately  following  the  injection  of  inorganic  P*-  was  greater  than  that  of 
similar  animals  maintained  at  room  temperature. 

The  specific  activity  of  both  the  lipid  phosphorus  and  the  RNA  nucleo¬ 
tide  phosphorus  was  also  increased,  as  was  the  specific  activity  of  each  of 
these  fractions  relative  to  that  of  the  inorganic  phosphate  of  either  the 
plasma  or  the  adrenal  gland  itself. 

It  is  concluded  that  the  changes  in  the  phosphorus  metabolism  of  the 
adrenal  gland  during  a  short  exposure  to  a  cold  environment  are  brought 
about  by  the  liberation  of  ACTH  from  the  pituitary.  These  changes  are; 
(a)  an  increase  in  the  rate  at  which  inorganic  P’’-  passes  from  the  extra¬ 
cellular  to  the  cellular  portion  of  the  gland  and  (b)  a  net  synthesis  of  ])hos- 
phorus-containing  organic  compounds  (e.g.  lipid  phosphorus,  RNA  nucleo¬ 
tides). 
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CON’CERNIXG  THE  FUNCTION  OF  THE  FETAL  ZONE 
OF  THE  HUMAN  ADRENAL  GLAND' 


KURT  BENIRSCHKE,2  ERIC  BLOCH' 

AND  ARTHUR  T.  HERTIG2 

Department  of  Pathology,  Boston  Lying-in  Hospital  and  Harvard  Medical  School, 
Boston,  Massachusetts  and  The  Worcester  Foundation  for  Experimental 
Biology,  Shrewsbury,  Massachusetts 

The  unusually  large  size  of  the  adrenal  glands  of  the  human  fetus 
(Figs.  1,  2)  and  their  rapid  partial  involution  have  been  the  subject 
of  numerous  reports  and  investigations.  Lanman  (1953)  contributed  an 
admirable  summary  of  all  known  details  concerning  the  development  and 
probable  function  of  this  gland  in  the  developing  human  fetus  and  added 
a  valuable  comparative  anatomic  study  of  the  adrenals  in  other  animals. 
While  a  wealth  of  contributions  to  the  literature  is  cited  by  Lanman  (1953), 
his  conclusion  is  that  little  definite  is  known  regarding  the  actual  physiol¬ 
ogy  of  the  adrenal  in  the  unborn  human  fetus. 

In  this  communication  the  authors  have  attempted  to  summarize  the 
more  important  literature  pertaining  to  the  human  fetal  adrenal.  In  addi¬ 
tion,  a  histologic  correlation  with  the  chemical  data  of  the  preceding  paper 
is  presented.  On  the  basis  of  this  material  and  evidence  derived  from  the 
literature  the  endocrine  relations  are  discussed  which  are  of  probable  sig¬ 
nificance  in  the  maintenance  and  function  of  the  fetal  zone  of  the  human 
adrenal  gland. 

The  large  size  of  the  fetal  adrenal  is  principally  due  to  the  presence  of 
a  thick  inner  layer  of  cortical  cells  which  is  doomed  to  rapid  involution 
upon  birth.  This  inner  layer  of  cortical  cells  has  been  named  the  “fetal 
cortex”  by  Elliott  and  Armour  (1911).  Gruenwald  (1946)  prefers  the  name 
“X-zone”  and  Grollman  (1936),  among  others,  has  referred  to  this  layer 
as  the  “androgenic  zone.”  Parallels  have  been  drawn  between  this  tissue 
and  the  X-zone  of  mice  and  lower  animals  (How^ard,  1927;  see  Lanman, 
1953).  From  the  review'  of  Lanman  (1953)  and  others  (Benner,  1940; 
Blackman,  1946)  it  is  obvious  that  this  zone  involutes  with  regularity  upon 
birth  more  or  less  rapidly  and  this  has  been  the  experience  of  the  present 
authors.  In  a  morphologic  study  of  the  regressive  changes  of  this  zone, 
Blackman  (1946)  concludes  that  the  involutionary  proce.ss  does  not  en- 
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compass  the  entire  mass  of  cells  making  up  the  fetal  cortex  but  that  some 
of  its  cells  survive  to  become  gradually  transformed  into  the  reticular  zone 
of  the  adult  cortex.  Benner  (11)40),  studying  the  same  process,  comes  to 
the  conclusion  that  the  regressive  changes  begin,  on  occasion,  l)efore  birth, 
a  finding  corresiionding  to  our  experience  with  some  stillborn  iidants  and 
infants  dying  in  the  immediate  postnatal  periotl.  Involution  proceeds 


Fig.  1.  Injection  study  of  fetus  measuring  10.5  cm.  CR  length  (13  weeks  gestational 
age).  Note  the  large  vascular  tree  above  kidney  (K)  of  light  adrenal  gland  (A).  (The 
liver  has  been  partially  dissected  away.) 

equally  as  rapidly  in  fullterm  infants  as  in  prematurely  born  babies.  As 
Lanman  (1953)  indicated,  there  is  considerable  variation  in  the  rapidity 
of  the  involutionary  changes  observed  at  postmortem  examination  and  he 
cites  instances  of  alleged  delayed  involution. 

In  an  embryologic  study,  Uotila  (1940)  described  the  early  formation  of 
the  glands.  He  observed  a  primary  and  secondary  proliferative  phase, 
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presumably  giving  rise  to  the  fetal  and  definitive  zones  respectively.  This 
is  in  accordance  with  the  observation  of  Keene  and  Hewer  (1027)  on  fewer 
specimens.  Totila's  view,  sni)i>orted  by  other  observers,  of  a  coelomic 
mesothelial  origin  of  the  adrenal  cells  is  at  variance  with  (Jrnenwald’s 
(104(5)  interpretation.  'Phe  latter  author  holds  that  the  cells  forming  the 
adrenal  gland  arise  from  the  snbcoelomic  mesenchymal  cells.  Also,  Gruen- 


II 


Fig.  2.  Adrenal  gland  (A)  and  kidney  of  fetus  measuring  10.5  cm.  CR  lengtli. 
(BLiH  S-55-1782,  spontaneous  abortion,  13  weeks  gestational  age.) 

wald  (1946)  finds  no  distinct  secondary  cellular  proliferative  pha.se  giving 
rise  to  the  permanent  (or  true,  adult)  cortical  elements.  The  di.stinctive 
histologic  difference  of  the  fetal  and  definitive  layers,  their  different  be¬ 
havior  in  fat  stains  (Keene  and  Hewer,  1927)  and  studies  by  Creep  and 
Deane  (1949)  and  others  lead  us  to  conclude  that  the.se  zones  are  of  a  dif¬ 
ferent  origin,  nature  and  behavior.  Throughout  fetal  existence  the  defini- 
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live  cortex  remains  small  in  amount  compared  to  the  fetal  zone,  only  to 
proliferate  after  the  latter  has  disappeared.  During  the  last  ten  weeks  of 
gestation  there  is  a  gradual  increase  in  the  thickness  of  the  permanent 
cortex  (Keene  and  Hewer,  1927),  however,  in  the  normal  newborn  infant 
the  fetal  zone  still  makes  up  approximately  80%  of  the  thickness  of  the 
cortex  (Bongiovanni,  1951;  Lanman,  1953). 


Fig.  3.  Acanliac,  amorphous  twin  at  term.  No  adrenal  tissue  was  found. 

(Courtesy:  Dr.  Philij)  LeCompte.) 

In  contrast  to  this  normal  behavior  is  the  evolution  of  the  adrenal  gland 
in  anencephalic  conceptu.ses.  The  adrenal  glands  in  .such  monsters  are  ex¬ 
tremely  small  and,  prob:d)ly  becau.se  of  their  small  size,  they  have  been 
reported  as  being  :d).sent  on  occasion  by  such  competent  observers  as 
(Jruber  (1930)  (1  absent  in  2(i  cases),  Meyer  (1912)  and  others  (Review 
by  Bachmann,  1954).  Angevine  (1938)  competently  reviewed  this  subject 
and  concludes  that,  while  the  adrenals  are  small,  it  is  most  likely  that  they 
are  always  present  in  anencephaly.  In  his  15  cases  with  “complete  informa- 
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tion”  a  pituitary  gland  and  the  adrenals  were  found  in  every  instance 
fin  one  case  only  1  adrenal  was  found).  Of  interest  is  his  finding  of  relatively 
larger  glands  in  smaller  anencephalic  babies.  This  corroborates  well  with 
Meyer’s  (1912)  observation  of  normal  sized  adrenals  in  anencephalic 
monsters  of  the  2nd  and  5th  month  of  gestation  (1.4  and  13  cm.  CR  length). 
Meyer’s  (1912)  histologic  findings  revealed  that  in  such  malformed  fetuses 


Fig.  4.  M.icerated  acardiac,  aceplialic  twin.  (BLiH  S-51-53S,  3.S  cm.  CR 
length,  aiiproximatoly  7  wo(‘ks  jicstational  afjo.) 


the  adrenal  cortex  may  be  composed  of  its  normal  elements  in  the  early 
stages  of  development  but,  for  unknown  reasons,  it  undergoes  atrophy 
following  the  fifth  month  of  gestation.  Lipides  were  pre.sent  chiefly  in  the 
“zona  reticularis”  (probably  the  fetal  zone).  The  same  was  found  true  of  a 
25  mm.  anencephalic  described  by  Keene  and  Hewer  (1927).  This  finding 
is  at  variance,  however,  with  Pappenheimer’s  (1916)  interpretation  of  a 
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single  case  in  which  he  was  unable  to  detect  evidence  of  atrophy  of  a 
formerly  existing  fetal  zone.  In  a  subsequent  communication  (Benirschke, 
1956A)  the  adrenal  findings  of  our  material  of  39  anencephalics  will  be 
reported.  At  this  point  it  may  be  remarked  that  our  observations  are  in 
agreement  with  the  descriptions  of  Meyer  (1912),  Keene  and  Hewer 
(1927)  and  Angevine  (1938).  A  normal  fetal  zone  may  be  found  in  the 
smaller  anencephalic  infant  and  this  zone  atrophies  after  approximately 
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Fig.  5.  Adrenals  (top)  and  kidneys  (bottom)  of  acardiac  twin.  (See  Fig.  4,  S-51-538.) 
Adrenals  are  of  normal  size  and  show  histolofiically  verified  normal  fetal  zones. 


20  \\eeks  of  gestation.  In  addition,  it  has  been  our  experience  that  the  pre¬ 
mature  involution  of  a  fetal  zone  is  not  unique  to  the  anencephalic  at  term 
but  may  also  be  observed  in  children  with  such  anomalies  as  hydrocephaly, 
hemianencephaly  and  cephalomeningocele,  provided  there  is  destruction 
of  or  reduction  in  the  size  of  the  hypothalamus.  In  such  cases,  in  contrast 
to  the  finding  in  the  normal  infant,  chrome-alum  hematoxylin  staining 
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neurosecretory  material  was  found  absent  from  the  posterior  pituitary 
(Benirschke,  1956A;  Benirschke  and  McKay,  1953). 

To  the  best  of  our  knowledge,  well  documented  cases  of  complete  con¬ 
genital  absence  of  the  adrenal  glands  have  only  been  recorded  in  instances 
of  acardiac,  acephalic  and  amorphous  monsters  (Fig.  3)  (Review  of  litera- 


Fig.  ().  Adrenal  ulaiul  of  female  pseudohermaphrodite  with  adrenogenital  syndrome, 
age  51  days.  Note  hyiieiplastic  reticular  zone  (fetal  zone  remnants,  F)  with  involutionary 
changes.  Definitive  zone  at  top  (D).  (BLiH  A-4S-68,  F.MB,  X2()().) 

ture  by  Bachmann,  1954).  This  conditi(  n,  by  necessity,  is  only  found  in 
single  ovum  twins  with  vascular  anastomoses  between  the  normal  and  the 
abnormal  partners.  'Phe  circulation  is  maintained  by  the  normal  twin  and 
it  is  reversed  in  the  monstrous  twin.  Some  of  such  malformed  single-ovum 
twins  may  be  found  to  contain  adrenal  glands  when  examined  carefully. 
Cillim  and  Hendricks  (1953)  indentified  “one  rudimentary  adrenal  gland” 
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in  their  unusually  large  holoacardius  (84  cm.  CH  length,  2440  gm.j. 
Boulgakow  (1926)  found  two  suprarenals  in  his  full-term  acardiac  monster. 
His  brief  microscopic  description  does  not  include  the  relative  thickness 
of  the  various  zones,  however,  his  drawing  indicates  a  very  atrophied  gland. 
W'e  have  found  two  normal  sized  adrenal  glands  and  kidneys  in  our  mac¬ 
erated  acardiac,  acephalic  twin  which  measured  3.8  cm.  in  CR  length 


Fk;.  7.  Adrenal  fflands  of  newborn  infants;  Top:  Hyperplasia  of  fetal  zone  in  child 
with  inultiide  congenital  anomalies,  including  penile  agenesis  (HLiH  .\-.52-78).  Middle: 
Normal  child,  .32  weeks  gestation.  Death  from  cerebral  hemorrhage  (A-52-70  BLHD. 
Bottom:  Anencephalic  monster  at  term  (.\-52-74'). 


(Figs.  4,  .')).  (lenerally,  these  monstrosities  are  so  markedly  deformed 
fFig.  8)  or  macerated  that  little  knowledge  exists  of  the  microscopic  ap- 
l)earance  of  their  organs.  Despite  maceration,  our  8.8  cm.  CR  specimen 
shows  a  recognizably  normal  structure  of  the  fetal  adrenal  with  a  broad 
fetal  zone  and  a  thin  layer  of  superficial  definitive  cortex  (Benirschke, 
19oOA). 
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Hyperplasia  of  the  adrenals  in  newborn  infants  has  frequently  been  re¬ 
ported  in  female  pseudohermaphrodites  (Broster  et  aL,  1938;  Winter- 
steiner  1941;  McKenna  et  aL,  1942;  Wilkins,  1949;  Zuelzer  and  Blum, 
1949;  Wilkins,  1950;  Harris  and  Scowen,  1951),  macrogenitosomia  precox 
(Wilkins,  1949;  Wilkins,  Fleischmann  and  Howard,  1940)  and  some  other 
conditions  (Francis,  1940;  Bloch  et  aL,  1955;  Benirschke,  1956B).  The 


Fig.  8.  Cells  of  fetal  zone  of  A-52-78  BLill.  Hyperplasia  of  fetal  cortex  in  case  of 
multiple  congenital  anomalies,  including  iienile  agenesis.  Compare  with  Fig.  17.  (H&F, 
X6(X).) 


two  former  conditions  are  characterized  by  a  hyperplasia  of  all  elements 
of  the  adrenal  cortex,  with  preponderance  of  one  or  the  other  zone.  In¬ 
volutionary  changes  may  be  observed  in  the  fetal  zone  of  such  glands 
(Fig.  6).  There  is  con.siderable  variation  from  one  case  to  another.  In 
some,  the  definitive  zone  elements,  more  particularly  the  zonae  glomeru- 


Man,  FKTAL  ZONK  OF  HUMAN  ADRKNAL  (H.AND  607 

losa  and  fasciculata,  have  been  reported  to  be  reduced  in  amount  (Zuelzer 
and  Blum,  1049;  Wilkins  ct  aL,  1940)  and  these  frequently  were  found  to 
be  cases  of  more  severe  electrolyte  imbalance  of  the  Addisonian  type 
(Blackman,  1940;  Zuelzer  and  Blum,  1949).  No  histologic  findings  are 
available  in  Francis’  case  (1940)  but  an  observation  in  this  laboratory 


Fig.  9.  Hyjierplastic  adrenal  cortex  of  A-52-7S  HLill.  Cliild  with  multiple  coiiffcnital 
anomalies  including  penile  agenesis.  Note  hy|)eri)lastic  fetal  cortex  has  penetrated 
through  definitive  cortex  (,HF).  The  latter  (D)  is  visible  at  right  upper  and  lower 
corners,  being  imirkedly  congested.  (HA’F,.  X90.) 


rc.siMublcs  his  case  very  clo.scly  (Bcnirschke,  BUiOB).  In  our  case  the  com¬ 
bined  weight  of  the  adrenal  glands  was  7.5  gm.  (Fig.  7)  and  they  had  a 
remarkable  appearance.  The  cells  of  the  fetal  zone  were  extremely  large, 
granular  and  variable  (Fig.  8).  They  made  up  the  bulk  of  the  gland  and, 
similar  to  the  case  of  Wilkins  ct  al.  (1940)  (Case  jfo  in  Blackman’s  (1940) 
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serie.s),  these  fetal  cortical  cells  had  proliferated  through  the  definitive  cor¬ 
tex  and  extended,  in  areas,  onto  the  capsule  (Fig.  9).  Unlike  the  case  of 
Wilkins  et  al.  (1940),  there  was  an  excessiv'e  amount  of  sudanophilic  ma¬ 
terial  (Fig.  10)  in  the  fetal  zone  elements,  which  was  accompanied  by 
birefringence.  Very  little  lipide  was  present  in  the  cells  of  the  small  amount 
of  definitiv’e  cortex,  which  showed  remarkably  congested  sinusoids  (Fig. 


Fig.  10.  Hyperplastic  adrenal  of  A-52-7S  BLiH.  (See  loKend  Fin.  9.)  Lipides  almiidaiit 
in  fetal  zone  (F),  virtually  absent  in  definitive  layer  (D).  (Sudan-lV,  {jreen  filter,  X90. 
Sudanophilic  material  appears  lilack.) 


9).  This  chihl  died  o  minutes  after  delivery  and  autopsy  was  performed  im¬ 
mediately.  fDx:  .\bsence  of  penis.  Hypoplasia  of  the  kidneys,^  hyperpla.sia 
of  fetal  zone  of  adrenals,  myocardial  infarct,  adenomatous  hyperplasia  of 
lung,  cerebral  calcifications,  excess  of  posterior  pituitary  neurosecretory 

*  In  our  inevious  communication  (Bloch  et  al.  1955)  this  anomaly  was  printed  as 
“hyperjilasia  of  kidney,”  which  is  an  error  in  printing. 
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material).  P^rroneously,  the  urogenital  malformation  was  interpreted  as 
])robal)le  pseudoliermaphroilitism  (the  child  had  testes).  Since  the  original 
observation,  the  examination  of  a  variety  of  sections  of  skin  reveals  the 
absence  of  “sex  chromatiti”  (Moore  rt  a\.,  1R."):1)  and  iherefon',  it  is  con¬ 
cluded  that  this  child  is  genetically  male.  One  of  the  adrenal  glands  was 
extracted  for  Cj9-steroids  and  the  results  were  presented  as  case  #3  in  a 
])revious  communication  (Bloch  et  ah,  19.5.5). 


Fig.  11.  Adrenal  of  normal  fetus  approximately  5.5  cm.  CR  length  (10  weeks  gesta¬ 
tion).  Theiapeutic  abortion  for  cardiac  disease.  (BLiH  S-52-2039.)  Kidney  above  (K), 
narrow  definitive  (D)  and  broad  fetal  (F)  zones  well  distinguishable.  (H&E,  X90.) 

Extracts  of  adrenal  glands  of  normal  human  newborns  and  fetu.ses  had 
failed  to  yield  steroid  hormones  with  an  androgenic  property  (Gersh  and 
Grollman,  1939;  Carnes,  1940).  The  following  findings,  however,  presented 
arguments  in  favor  of  the  occurrence  of  androgenic  steroids  in  the  fetal 
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zone  of  the  human  adrenal  gland:  The  androgenic  property  of  the  extract 
obtained  by  Wilkins  et  al.  (11)40)  in  a  single  case  of  adrenal  hyperplasia; 
the  finding  of  a  higher  content  of  1 7-ketosteroids  in  male  and  female 
human  fetal  bloods  vs.  maternal  blood  (Puck,  Sievert  and  Meinecke, 
11)08;  Clardner  and  Walton,  ll)o4A):  the  greater  content  in  17-ketos(eroids 
of  newborn  human  urine,  diminishing  during  the  first  few  days  of  life 


Fig.  12.  Adrenal  of  normal  male  fetus  IS  cm.  CR  length  (19  weeks  gestation  age. 
S-52-172S  BLill).  Definitive  (D)  cortex  above  occuiiying  approximately  1  5  of  the 
width  of  the  cortical  tissue,  4  5  constitute  fetal  (F)  zone.  (H&F.,  X90.) 


(Read,  Venning  and  Ripstein,  1950);  the  masculinization  of  female  infants 
at  birth  in  adrenal  hyperplasia  (Broster  et  al.,  1938;  Wintersteiner,  1941; 
McKenna  et  al.,  1942;  Wilkins,  1949;  Zuelzer  and  Blum,  1949;  Wilkins, 
1950)  as  well  as  the  abundant  literature  on  the  histochemical  evidence 
sugge.stive  of  ketosteroid  content  of  the  adrenal  glands  (Recent  review  by 
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Deane  and  Seliginan,  19o8;  Vines  in  Broster  et  al.,  1938;  Freichels,  1952; 
Jones  and  Jones,  1954;  Manly,  1955).  The  results  of  Puck  et  al.  (1953) 
and  Ciardiu'r  and  Walton  (1954B)  indicate  a  greater  production  of  andro¬ 
genic  steroids  (as  measured  by  17-ketos(eroid  content  of  umbilical  cord 
blood)  in  younger  fetuses  vs.  the  older  ones  which  would  corroborate  with 


Fig.  13.  Adrenal  of  normal  fetus  ineasinins  5.5  cm.  CR  lengtli  (10  weeks  gestational 
age).  Therapeutic  abortion  for  uncontrollable  diabetes  mellitus.  Lipides  deposited  in 
dense,  finely  granular  form  iu  the  definitive  cortex  (above,  1))  and  in  large  conglomerate 
droplets  and  fine  granules  through  fetal  zone  (F),  the  latter  constituting  the  majority 
of  tissue  and  lipides.  (BLill  S-52-2177.  sudan-lV  hematoxylin  counterstain,  green  filter, 
X90,  sudanophilic  lipides  appear  black.) 


Vines’  (Broster  et  at.,  1938)  hi.stologic  interpretation  of  Ponceau-fuchsin 
stains  of  the  gland. 

The  present  authors  thought  it  possible  to  clarify  the  situation  by  an¬ 
alyzing  the  extracts  of  a  large  number  of  immature  adrenal  glands  obtained 
from  fetuses  at  therapeutic  abortions,  realizing  that  androgen  content  not 
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necessarily  indicates  active  secretion  of  such  substances  into  the  circula¬ 
tion  (Severinjshaus,  1042).  I'lie  abortions  were  undertaken  for  the  treat¬ 
ment  of  general  diseases  such  as  cardiac  <leeoin))('nsation,  tuberculosis, 
cancer,  etc.  and,  to  the  best  of  our  knowledge,  there  have  been  no  patients 
in  this  group  who  were  known  to  have  previously  delivered  infants  afflicted 
with  the  adrenogenital  .syndrome  or  other  conditions  affecting  the  adrenal 


Fig.  14.  Adrenal  of  normal  premature  infant  measuring  22  cm.  CR  length,  557  gm. 
(22  weeks  gestational  age)  survived  3  days.  Abundant  lipide  deposits  (black)  in  fetal 
zone  (F),  little  present  in  definitive  zone  (D).  (A-55-76,  BLiH.  Sudan-IV,  hematoxylin, 
green  filter,  X90.) 

glands.  In  the  stages  examined  (Figs.  11-14),  the  fetal  adrenals  are  made 
up  of  predominantly  fetal  zone  elements,  and  sudanophilic  and  birefrin- 
gent  material  shows  a  preponderance  in  the  juxtamedullary  region  (Figs. 
13-16).  No  attempt  was  made  to  microdis.sect  away  the  permanent  cortex 
although  this  was  considered  and  this  may  prove  to  become  necessary  in 
forthcoming  incubation  experiments.  The  identifiability  of  a  Ci9-kefo- 
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steroid  in  2  of  3  previously  examined  glands  (Bloch  et  a/.,  1955)  showing 
abundant  birefringent  and  sudanophilic  material  localized  in  the  fetal 
zone  of  the  cortex  indicated  a  possible  correlation  between  lipide,  bire¬ 
fringence  and  the  presence  of  steroids.  It  may  be  that  these  steroid  hor¬ 
mones  are  in  solution  in  the  birefringent  crystals  (Greep  and  Deane,  1949) 
or  the  sudanophilic  material  may  actually  represent  the  steroid  hormones 


Fi(i.  15.  Adrenal  of  fetus  measuring  10.5  cm.  CR  (13  weeks  gestational  age,  same  as 
Fig.  2).  (Sudan-IV,  no  counterstain,  green  filter,  X90,  sudanophilic  material  api)ears 
black.) 


themselves.  Sayers  (1950),  reviewing  the  entire  subject,  finds  a  close  par¬ 
allelism  between  sudanophilia  and  cholesterol  content  and  anterior  pitui¬ 
tary  regulation  of  the.se  materials.  However,  he  cites  various  authors  dif¬ 
fering  with  this  observation  and  concludes  that  the  matter  deserves  further 
study.  YotTey  and  Baxter  (1950)  made  a  careful  analysis  of  the  adrenal 
glands  with  respect  to  birefringence,  sudanophilia  and  other  histochemical 
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procedures.  In  the  fresh-frozen  gland  there  was  no  birefringence  but  it  ap¬ 
peared  in  time  with  fixation  and  particularly  after  digitonin  treatment. 
Sudanophilic  material  was  closely  associated  with  birefringent  crystals  but 
the  latter  did  not  take  sudan  dyes.  Deane  and  Seligman  (1953)  have  ad¬ 
duced  the  presently  available  evidence  of  correspondence  between  bire¬ 
fringent  crystals,  sudanophilia  and  steroid  content  of  various  organs. 


Fig.  16.  As  Fig.  15  hut  with  partial  polarization  of  light.  Note  eorrespondence  of 
birefringent  crystals  with  siulanophilic  material  in  fetal  zone  (F)  (X90). 


This  investigation  was  undertaken  to  show,  if  possible,  the  identity  of 
androgenic  steroids  with  the  one  found  previously  in  one  malformed  and 
one  normal  infant  (Bloch  r(  al.,  1955)  and  to  establish  the  nature  of  the 
incretory  ])roducts  of  the  normal  fetal  zone  of  the  immature  human 
adrenal  gland. 

Male  and  female  human  fetuses  were  separated,  grouped  according  to 
ages  and  their  adrenal  glands  were  extracted  and  analyzed  in  a  procedure 
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reported  in  detail  in  the  preceding  communication  (Bloch  et  al.,  1950). 

The  isolation  of  Ci9-steroid  hormones,  two  of  which  having  weakly 
androgenic  properties,  support  the  derivation  of  androgens  from  the  fetal 
zone  of  the  adrenal  cortex  as  was  suggested  by  the  previosuly  reported 
two  cases  (Bloch  et  al.,  19.55).  This  finding  agrees  with  most  previous  hy- 


Fig.  17.  Detail  of  cells  of  fetal  zone  in  normal  male  fetus  of  spontaneous  abortion 
measuring  10.5  cm.  CR  length  (1.3  weeks  gestation).  Note  similarity  to  cells  of  hyper¬ 
plastic  gland  (Fig.  S).  Prominent  granules  of  pur|)le  color  on  light  blue  cytoplasmic  back¬ 
ground.  (S-.52-1004  HLilL  Gomori's  chrome-alum-homatoxylin,  X150().) 

]io1heses  and  observations  concerning  the  nature  of  this  ‘^androgenic 
zone”  (drollman,  1951)).  The  apjiroximately  e(pial  concentration  of  these 
androgens  in  the  adrenals  of  female  and  male  fetuses  disagrees  with  the 
assumption  of  Vines  (Bro.ster  et  aL,  1938)  of  an  “androgenic  phase”  in  the 
development  of  the  male  from  the  9th  to  20th  week  and  in  the  female  from 
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the  11th  to  loth  week  of  gestation,  based  on  Ponceau-fuchsin  stains  of 
the  fetal  adrenals. 

The  absence  of  17-hydroxycorticosterone  (Cortisol,  Kendall’s  com¬ 
pound  F)  in  the  young  fetus’  adrenal  and  its  later  appearance  supplement 
the  recent  findings  of  Staemmler  (1953  A,  B)  of  a  gradual  increase  in  the 
fetal  adrenal  content  of  C2rsteroids  after  the  fifth  month  of  gestation. 


Fig.  18.  Adrenal  gland  of  stillborn  infant  at  term  with  sacral  meningocele.  40  weeks 
gestation.  Large  lipide  deposits  (black)  in  future  zona  fasciculata  (D).  (A-52-65  BLill. 
sudan-IV,  hematoxylin.  X90.) 


These  results  suggest  that  the  various  layers  of  the  fetal  adrenal  cortex 
are  concerned  with  the  production  of  individual  steroid  hormones  and 
that  these  ti.ssiu*  layers  respond  to  .selective  hormonal  stimulation. 


What  is  our  evidence  indicating  the  producHoti  of  C^^-steroids  by  the  fetal 
zone  and  C 21-steroids  by  the  outer  layers  or  the  definitive  cortex? 
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The  androgen  A^-androstene-3,17-(lione  was  the  only  steroid  identified 
in  a  gland  in  which  the  fetal  /one  was  hyiierplastic  (Hloeh  cl  al.,  11)55) 
(Kigs.  1),  10)  and  in  an  iminatun^  adreind  in  which  tlu*  majority  of  hire- 
fringent,  sudanophilic  crystals  was  localized  in  the  f(‘tal  zone  (Bloch  cl  al., 
1055)  (Oase  1).  Conversely,  no  steroids  were  obtained  by  the  methods  em¬ 
ployed  in  a  fullterm  infant  in  which  no  birefringence  was  exhibited  by  the 
gland  (Bloch  et  al.,  1955)  (Case  2).  There  is  some  evidence  favoring  a  cor¬ 
respondence  between  ketosteroids  and  birefringent  lipides  (Review  by 
Deane  and  Seligman,  1953). 

In  the  immature  human  fetus  the  vast  majority  of  tissue  forming  the 
adrenal  gland  is  fetal  zone  and  the  preponderance  of  birefringent  lipide 
material  is  present  in  that  region  (Figs.  11-16). 

In  the  young  fetus  only  small  amounts  of  granular,  sudanophilic  ma¬ 
terial  are  found  in  the  definitive  cortex  (?  containing  sodium  retaining 
steroids  and  small,  immeasurable  amounts  of  17-hydroxycorticosterone). 
Toward  maturity  this  zone  widens  (Keene  and  Hewer,  1927)  and  more 
lipide  is  accumulated  in  the  outer  portion  of  the  gland  (Fig.  18).  Simul¬ 
taneously,  the  extractable  yield  of  C2i-steroids  increases  (Staemmler,  1953 
A,  B). 

Additional  evidence  is  the  finding  of  Cai-steroids  from  the  adrenal 
glands  of  four  anencephalic  monsters  by  Kloos  and  Staemmler  (1953). 
In  their  cases,  the  amount  of  C2i-steroids  extracted  per  unit  of  tissue  was 
comparable  to  or  higher  than  that  of  normal  fetuses  of  the  same  gestational 
period.  The  weights  given  for  these  four  cases  indicate  that  the  adrenals 
presented  the  usual  atrophy  of  the  fetal  zone  and  was  composed  almost 
wholly  of  definitive  cortex. 

As  pointed  out  above,  there  are  diverse  opinions  concerning  the  correla¬ 
tion  between  lipides  and  steroid  content.  Lanman  (1953)  states:  “The 
fetal  zone  is  characteristically  depleted  of  fat-staining  material  at  the 
time  of  birth;  while  staining  characteristics  are  not  a  reliable  index  of 
.secretory  activity,  neither  should  the  change  in  stored  lipoid  at  birth  be 
disregarded  in  evaluating  the  significance  of  postnatal  steroid  excretion.” 
The  fat  content  in  adrenal  glands,  known  to  be  hyperactive,  has  often  been 
low  (Wilkins  et  al.,  1940;  Blackman,  1946).  Deane  et  al.  (1948)  associate 
lipide  depleted  adrenal  glands  containing  small  cells  with  hypoactivity 
and  lipide  depletion  with  large  cells  with  hyperactivity.  Steege  (quoted 
by  Freichels,  1952)  finds  no  lipides  in  the  cells  stained  by  the  Ponceau- 
fuchsin  method,  in  contrast  to  Zinsser  and  Zin.s.ser  (1951).  The  first  occur¬ 
rence  of  “lipines”  in  the  fetal  adrenal  gland  has  been  reviewed  briefly  by 
Uotila  (1940).  The  earlie.st  lipide  to  occur  in  human  adrenals  was  demon¬ 
strated  by  Hett  (1925)  in  a  23  mm.  embryo."  It  has  been  our  experience 

®  Recently  hirefrinsent  and  sudanophilic  material  was  seen  in  the  adrenals  of  an 
18  mm.  embryo  which  had  been  fixed  in  formalin  solution  (McKay,  I).  (5.,  i)ersonal 
communication). 
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that,  ill  general,  well  preserved  immature  fetal  adrenals  have  a  lipide  dis¬ 
tribution  as  shown  in  Figs.  15  and  Hi.  There  is  a  fine  granular  sudan-IV 
staining  deposit  throughout  the  permanent  cortex  which  gradually  in¬ 
creases  during  gestation  (Figs.  14,  IS).  The  fetal  zone  contains  irregularly 
scattered,  large  conglomerations  of  birefringent,  sudan-lV  staining  mate¬ 
rial  in  addition  to  some  scattered,  more  finely  divided  granular  deposits 
(Figs.  15,  16).  The  amount  of  lipides  in  the  latter  zone  varies  considerably, 
generally  it  decreases  toward  term  (Keene  and  Hewer,  1928)  but  it  may 
be  present  at  birth  in  large  amounts  as  shown  by  Case  §3  (Bloch  et  al. 
1955)  (Fig.  10).  In  younger  fetuses  (Fig.  14),  the  amount  of  .sudan-IV 
staining  lipides  contained  in  the  fetal  zone  is  significantly  greater  than  that 
of  the  permanent  cortex.  An  additional  amount  can  be  stained  by  the  su- 
dan-black  B  method.  Judging  from  these  stains,  the  findings  by  extraction 
methods  cited  above  and  circumstantial  evidence  derived  from  the  litera¬ 
ture  on  the  lipide  depletion  of  other  layers  of  the  adrenal  cortex  in  stress 
(Laqueur  et  al.,  1955;  and  others)  and  accumulation  in  prolonged  cortisone 
therapy,  there  would  appear  to  be  some  correlation  betw'een  the  lipide 
content  and  extractable  steroids.  Presupposing  such  correlation  and  cor¬ 
roborating  our  extraction  results  with  lipide  stains,  it  is  apparent  that  the 
Ci9-steroid  production  of  the  fetal  adrenal  gland  is  confined  principally  to 
the  fetal  zone  vs.  the  Cai-steroid  production  being  limited  to  the  definitive 
cortex.  This  assumption,  of  course,  is  not  new  with  us  but  may  be  found 
throughout  clinical  and  pathological  as  well  as  chemical  literature  on 
steroid  synthesis. 

At  this  point  it  is  speculative  to  state  whether  or  not  the  finding  of  a 
higher  concentration  of  androgens  in  the  younger  age  group  reflects  an 
increased  elaboration  of  such  hormones.  Evidence  cited  previously  (Puck 
et  al.,  1953;  Gardner  and  Walton,  1954B)  suggests  that  this  may  be  the 
ca.se.  Incubation  experiments  now  in  progress  will  help  to  answer  this 
question.  Fig.  13  shows  that  in  a  fetus  measuring  5.5  cm.  CR  a  large 
amount  of  lipide,  exhibiting  birefringence  is  pre.sent  in  the  fetal  zone.  If 
indeed  younger  fetu.ses  were  productive  of  larger  amounts  of  androgenic 
steroids  then  a  morphogenetic  influence  on  the  developing  genital  ducts, 
and  possibly  also  the  gonads,  may  be  expected.  The  extremely  rapid 
growth  of  adrenal  elements  to  the  very  large  size  prior  to  the  time  of 
visual  gonadal  differentiation  and  prior  to  reduction  and  modulation  of 
the  sex  ducts,  in  conjunction  with  their  high  pho.sphatase  activity  (Ro.ssi 
et  al.,  1951 ;  McKay)  favor  such  possibility.  This  is  further  supported  by 
the  often  severe  masculinization  in  female  pseudohermaphroditism  with 
adrenal  hyperplasia.  Wilkins  (1949)  has  demonstrated  clearly  that,  in 
some  ca.ses,  such  influence  must  occur  at  early  stages  of  development 
(approximately  the  11th  week  of  ge.station).  From  the  voluminous  litera¬ 
ture  on  experiments  concerning  hormonal  sexual  differentiation  it  is  evi¬ 
dent  that,  most  likely,  such  influence  is  exerted  by  permeation  of  steroids 
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rather  than  via  the  circulation  (Willier,  1952;  Grumbach  et  aL,  1955).  The 
close  proximity  of  the  adrenal  glands  to  the  undeveloped  geidtal  ridge 
favors  an  interaction  of  the  adrenal  gland  in  the  process  of  sexual  differen¬ 
tiation  if  one  is  willing  to  accept  the  experimental  <lata  collected  on  the 
hormonal  influence  on  this  process.  In  the  normal  human  development, 
however,  it  seems  likely  that  differentiation  of  the  sex  ducts  into  the  male 
direction  is  under  the  influence  of  testicular  secretions  (Philipp,  1951).  The 
evidence  for  this  may  be  found  in  the  discovery  of  a  genetically  male  nu¬ 
clear  pattern  in  the  many  cases  of  gonadal  dysgenesis  recently  examined 
(Grumbach  et  aL,  1955).  Frequently  these  patients  were  found  to  lack  testes 
and  present  essentially  normal  external  and  internal  female  structures.  In 
such  cases,  no  evidence  favoring  congenital  aplasia  of  the  fetal  adrenal  cortex 
has  been  described  as  yet  although  urinary  17-ketosteroid  excretion  is 
said  to  be  decreased  (Mason  and  Engstrom,  1950).  One  such  anomaly 
has  been  observed  in  this  laboratory.  The  slightly  prematurely  born 
infant  died  at  the  age  of  19  days.  At  autopsy  the  adrenal  glands  had  a 
combined  weight  of  2.8  gm.  and  an  approximately  normal  amount  of 
fetal  zone  tis.sue  was  present.  Moreover,  our  finding  of  equal  concentra¬ 
tions  of  androgenic  hormones  in  the  ailrenal  glands  of  male  and  female 
fetuses  negates  a  specific  androgenic  action  of  these  hormones  during  the 
course  of  sexual  differentiation. 

It  appears  to  the  present  authors  that  the  chemical  findings  are  best 
reconciled  with  the  experimental  evidence  of  a  nonspecific  “differentiator- 
action”  (Willier,  1952)  of  androgens  in  the  sexual  differentiation  of  the 
pouch  opossum  (Burns,  1945).  Beside  this  action,  there  may  be  other 
vital  functions  carried  out  by  the  fetal  adrenal  cortex  during  the  develop¬ 
ment  of  the  human  embryo  since  complete  lack  of  the  adrenals  apparently 
does  not  occur  in  human  singletons. 

The  possibility  of  the  elaboration  of  estrogenic  hormones  by  the  fetal 
cortex  was  considered  in  the  past  (Broster  et  aL,  1938),  particularly  in  the 
case  of  the  female  infant.  The  possibility  of  such  activity  had  been  raised 
particularly  because  of  the  apparently  shorter  “androgenic  phase”  in  the 
female  adrenal  cortex,  as  demonstrated  by  allegedly  specific  histochemical 
stains,  and  because  of  the  sex  and  age  relationships  of  the  X-zone  in  the 
mouse.  Carnes  (1940)  has  determined  the  estrone  content  of  the  fetal 
adrenal  glands  (40  glands  from  the  18th-40th  weeks  of  gestation)  and 
found  it  to  be  of  the  same  magnitude  as  that  of  other  fetal  tissues.  In  the 
analysis  of  our  material  no  attention  was  paid  to  the  possibility  of  the 
estrogen  production  of  the  fetal  adrenal  gland. 

Factors  probably  coneerned  with  the  maintenance  and  activity  of  the  fetal  zone 
of  the  adrenal  gland 

In  his  final  summary,  Lanman  (1953)  has  stated  that:  “First  knowledge 
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of  most  endocrine  organs  has  begun  with  recognition  of  a  disoider  asso¬ 
ciated  with  liyper-  or  hyi)o-function.” 

With  our  identification  of  androgenic  steroid  liorinones  in  the  human 
fetal  adrenal  gland,  the  demonstration  of  structural  alterations  during  the 
development  of  anencephalic  fetuses  and  since  the  recognition  of  endocrine 
factors  of  placenta  and  hypothalamus,  a  more  plausible  hypothesis  for  the 
endocrine  relationship  as  it  concerns  the  fetal  adrenal  gland  may  be  ad¬ 
vanced.  It  should  be  pointed  out  that  some  of  the  subsequent  interrela¬ 
tions  have  been  postulated  by  previous  investigators  on  the  speculation 
that  the  fetal  zone  of  the  adrenal  is  productive  of  progesterone  or  andro¬ 
genic  steroid  hormones  (Rotter,  1949;  Moeri,  1951 ;  Gardner  and  Walton, 
1954 A;  Chang  and  Witschi,  1955). 

The  suspected  cause  of  the  uniform  regression  of  the  fetal  zone  at  birth 
has  been  discussed  in  detail  by  Lanman  (1953).  His  accumulated  evidence 
strongly  suggests  that  ACTH  is  not  essential  for  the  maintenance  of  the 
fetal  zone  in  extrauterine  life,  indeed,  administration  of  ACTH  fails  to 
prevent  its  involution.  Moreover,  the  finding  of  an  increased  blood  ACTH 
level  in  the  adrenogenital  syndrome  (Sydnor  et  al.,  1953)  wdth  associated 
hyperplasia  of  all  zonal  elements  in  the  presence  of  partial  regression  of 
the  fetal  cortex  (Blackman,  1946;  Zuelzer  and  Blum,  1949)  (Fig.  6)  further 
augment  this  conclusion.  If  a  hormonal  trophic  factor  is  active  in  stimula¬ 
tion  and  maintenance  of  this  zone,  and  all  available  evidence  points  toward 
such  a  rehuion,  then  this  factor  must  be  disturbed  in  anencephaly  (and 
the  other  pathologic  conditions  cited  previously)  and  therefore  it  must 
reside  in  the  pituitary  or  its  hypothalamic  connections.  The  occasional 
finding  of  an  apparently  normal  (size  and  histology)  anterior  pituitary 
lobe  in  anencephaly  (Angevine,  1938;  Benirschke,  1956A)  places  the  de¬ 
fect  in  the  hypothalamus  or  the  neurohypophysis.  Our  evidence  (Be¬ 
nirschke,  1956A)  of  essentially  normal  development  of  the  fetal  zone  in 
acephalic  and  anencephalic  monsters  (Figs.  4,  5)  during  their  early  stages 
of  embryogenesis  and  the  subsequent  atrophy  of  this  region  clearly  indi¬ 
cates  that  fetal  pituitary-hypothalamus  action  on  the  maintenance  of  the 
fetal  zone  does  not  begin  before  the  20th  week  of  gestation.  This  is  in  es¬ 
sential  agreement  with  Meyer’s  (1912)  observation  and  the  postulations 
of  other  investigators.  It  is  of  interest  to  note  that  this  critical  time  falls 
into  the  developmental  period  during  which  neurosecretory  material  is 
first  being  observed  in  the  hypothalamus  by  Bargmann’s  (1949)  method 
(Benirschke  and  McKay  1953).  In  the  case  of  hydrocephaly,  de\’eloping 
during  the  latter  months  of  pregnancy,  adrenal  atrophy  is  due  to  hypo¬ 
thalamic  destruction  at  this  time  (Benirschke  1956A). 

No  neurosecretory  hypothalamic  products  have  been  described  which 
exert  a  direct  influence  on  the  adrenal  glands.  Therefore,  it  would  appear 
that  such  peptides  (or  nervous/vascular  stimuli  from  the  hypothalamus) 
react  upon  the  anterior  lobe  of  the  pituitary  gland  to  secrete  a  hormone 
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which  then,  in  turn,  influences  adrenal  function  and  regulates  the  size  of 
the  fetal  zone.  This  anterior  i)ituitary  factor,  operating  during  the  second 
half  of  pregnancy,  may  either  be  A(-TH  or  the  gonadotrophins. 

Kvidence  derived  from  Lanman’s  work  the  observation  of  high 

.ACTH  production  in  the  adrenogenital  syndrome  and  the  17-ketosteroid 
excretion  pattern  following  the  administration  of  ACTH  (Mason  and 
Engstrom,  1950)  would  indicate  that  there  is  some  influence  of  ACTH  on 
the  fetal  (and  or  reticular)  zone  elements.  For  reasons  given  above,  this 
cannot  represent  the  only  factor  responsible  for  the  maintenance  of  this 
zone,  indeed,  ACTH  probably  enhances  physiologic  involution  in  coopera¬ 
tion  with  the  deprivation  of  the  normal  maintenance  factor.  The  volumi¬ 
nous  and  frequently  conflicting  experimental  data  on  adrenal  gland  main¬ 
tenance  by  ACTH  in  hypophysectomized  and  decapitated  fetuses  of  lower 
animals  (Kitchell  and  Wells,  1952;  Jost,  1949,  1950;  and  others)  do  not 
necessarily  argue  against  this  assumption  since  these  species  neither  ex¬ 
hibit  the  exact  same  anatomic  structure  nor  do  they  show  regressive 
changes  of  the  fetal  adrenal  gland  at  birth.  Furthermore,  the  ACTH  prep¬ 
arations  used  by  these  investigators  may  have  been  contaminated  by 
small  amounts  of  gonadotrophins  although  Kitchell  and  Wells  (19.52) 
present  evidence  of  having  worked  with  pure  ACTH  preparations. 

.Available  data  favor  the  interpretation  that  the  luteinizing  hormone 
(LH)  represents  the  factor  necessary  for  the  maintenance  and  activity 
of  the  fetal  zone  of  the  human  adrenal  cortex.®  In  surgically  castrated  fe¬ 
males  there  is  a  significant  rise  in  the  urinary  17-ketosteroid  excretion 
following  the  administration  of  chorionic  gonadotrophin  (Botella-Llusia 
and  Nogales,  19.53;  Plate,  19.53;  Decio,  19.53;  Botella-Llusia,  19.53;  Borell, 
19.54).  .Jones  (1949)  prevented  X-zone  degeneration  in  hypophysectomized 
mice  by  the  administration  of  gonadotrophin,  thought  to  contain  mainly 
IjH.  .ACTH  and  FSH  failed  to  maintain  this  layer.  Human  chorionic 
gonadotrophin  did  not  prevent  degeneration.  Botella-Llusia  and  Nogales 
(1953)  confirmed  these  results  in  similar  experiments.  (It  must  be  borne 
in  mind,  however,  that  the  X-zone  of  the  mouse,  despite  histologic  simi¬ 
larity,  may  not  represent  the  precise  homologue  to  the  human  fetal  zone 
of  the  adrenal  gland.)  Conadotrophins  are  produced  in  large  amounts  dur¬ 
ing  the  first  months  of  pregnancy  (Bruner,  1951)  by  the  placental  tropho- 
blast  (Waltz  ct  al.,  19.54)  and  the  fetal  tissues,  as  well  as  the  amniotic 
fluid,  contain  amounts  of  gonadotrophins  which  are  of  probable  biologic 
significance  (Bruner,  1951).  Chorionic  gonadotrophin  has  a  predominantly 
luteinizing  property.  It  is  during  this  stage  of  development  that  the  fetal 
adrenal  cortex  of  the  anencephalic  monsters  is  well  developed.  Subsequent 
to  the  significant  decrease  of  chorionic  gonadotrophins,  the  fetal  cortex 

®  For  the  sake  of  siniplieity  the  authors  have  abstained  from  discussing  the  evidence 
favoring  the  occurrence  of  only  one  pituitary  gonadotrophin  and  i)articipation  of  the 
lactogenic  hormone. 
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involutes  in  the  case  of  anencephaly  while  it  is  being  maintained  in  the 
normal  conceptus,  presumably  by  the  LH  from  the  now  active  fetal  pitui¬ 
tary  gland.  However,  even  in  the  normal  conceptus  there  appears  to  be  a 
quantitative  reduction  of  circulating  gonadotrophins  with  luteinizing 
property  after  approximately  4-.'i  months  gestation,  which  presumably  is 
responsible  for  a)  the  decreasing  androgen  production  by  the  fetal  adrenal; 
b)  the  minor  atrophic  changes  observed  in  the  fetal  zone  (Keene  and  Hewer, 
1927)  and  c)  the  significant  reduction  of  testicular  interstitial  cells  (Gillman, 
1948). 

The  stimulus  for  the  pituitary  secretion  of  LH  has  long  been  held  to  be 
the  presence  of  large  amounts  of  e.strogens  (Markee  et  al.,  1948;  Bedoya 
and  Jimenez,  1953).  The  latter  steroids  greatly  increase  during  the  second 
half  of  pregnancy  (Breitner,  1954;  Bradshaw  and  Jessop,  1953)  and  evi¬ 
dence  of  strong  estrogenic  stimulation  of  the  genital  tracts  of  both  male 
and  females  may  be  found  in  many  newborns  as  well  as  anencephalic  mon¬ 
sters  (Benirschke,  1956A).  Markee  ct  al.  (1948)  have  proposed  that  the 
LH  production  of  the  anterior  pituitary  gland  is  dependent  upon  an  intact 
hypothalamus  and  the  work  of  Laqueur  et  al.  (1955)  strongly  supports 
this  view.  This  would  explain  the  lack  of  LH  production  of  the  anence¬ 
phalic,  endowed  with  a  normal  anterior  pituitary  and  showing  apparent  es¬ 
trogen  effect  on  the  squamous  epithelium  of  the  genital  system.  The  recent 
identification  of  an  ACTH-releasing  factor  contained  in  the  peptides  ex¬ 
tracted  from  hypothalami  and  neurohypophyses  (Saffran,  Schally  and 
Benfey,  1955)  leads  one  to  expect  a  similar  component  which  is  responsible 
for  the  release  of  LH  and  which  .should  be  present  in  the  human  fetus. 
Further  corroborating  evidence  comes  from  the  demonstration  of  estrogen- 
induced  adrenal  hyperplasia  in  the  larval  frog  (Chang  and  Wit.schi,  1955) 
which  can  only  be  obtained  in  nonhypophy.sectomized  animals.  These 
workers  postulate  an  ACTH  release,  however.  Finally,  the  paradoxical 
masculinization  in  experimental  estrogen  sex  reversal  studies  (Burns, 
1945)  fits  well  into  this  .scheme. 

Thus  it  seems  likely  that  the  deprivation  of  estrogens  at  birth  and  shortly 
before  delivery  (Bradshaw  and  Jessop,  1953)  resulting  in  reduced  LH  se¬ 
cretion  causes  the  fetal  zone  to  involute  while  the  now  initiated  ACTH 
release  causes  the  definitive  zone  to  advance  and  secrete.  This  is  augmented 
by  the  accumulation  of  C2i-steroids  in  the  definitive  zone  of  the  fetal 
adrenal  and  their  excretion  within  the  first  few  days  of  life  (Staemmler, 
1953A;  Klein  et  al.,  1954).  Klein  and  Hanson  (1950)  and  Gardner  and 
Walton  (1954B)  sugge.sted  the  inhibition  of  fetal  pituitary  ACTH  produc¬ 
tion  by  placental  cortico.steroids.  This  is  an  attractive  additional  explana¬ 
tion  of  the  various  findings  cited  previously. 

Finally,  it  is  worth  noting  that  the  sodium-retaining  activity  found  in 
the  earlier  fetus’  adrenals  may  be  of  significant  importance  to  the  fetal 
homeostatic  mechani.sms.  It  may  indicate  a  mechanism,  additional  to  the 
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trophoblastic  action  by  which  the  fetus  is  able  to  regulate  its  sodium  and 
water  retention  during  a  develo])inental  i)eriod  when  relatively  low  sodium 
and  high  potassium  concentrations  prevail  (McKay  <1  (iL,  I'd.).")). 

It  is  suggested  that  a  very  subtle  endocrine  balance  exists  between 
chorial  and  fetal  hormones,  necessary  for  the  normal  tlevelopment  of  the 
human  fetus.  The  theoretical  probability  exists  that  continued  simultane¬ 
ous  estrogen  and  cortisone  administration  to  the  newborn  fetus  will  main¬ 
tain  his  fetal  zone  of  the  adrenal  cortex. 

SUMMARY 

A  brief  review  of  the  normal  development  of  the  fetal  zone  of  the  human 
adrenal  gland  is  given  and  evidence  presented  indicating  prenatal  atrophy 
of  this  zone  in  the  second  half  of  gestation  in  anencephaly. 

Chemical  analysis  of  extracts  of  fetal  adrenal  glands  show  the  occurrence 
of  weak  androgenic  steroids  and  a  sodium-retaining  factor.  The  concentra¬ 
tion  of  these  steroids  is  higher  in  smaller  fetuses  and  it  is  approximately 
e(|ual  in  the  male  and  female  fetus.  In  older  fetuses  the  glands  contain 
small  amounts  of  17-hydroxycorticosterone. 

The  findings  suggest  that  the  Ci9-steroidogenesis  is  limited  to  the  fetal 
zone  of  the  adrenal  cortex  vs.  C2i-steroid  production  being  performed  by 
the  definitive  cortex. 

The  factors  are  discussed  which  are  of  probable  importance  for  the  main¬ 
tenance  of  the  fetal  zone  in  intrauterine  life.  It  is  suggested  that  chorionic 
gonadotrophins  are  responsible  for  its  maintenance  during  the  first  20 
weeks  of  gestation.  Thereafter,  luteinizing  hormone  from  the  fetal  pitui¬ 
tary,  .stimulated  by  chorionic  estrogens,  is  believed  to  replace  the  chorionic 
gonadotrophic  stimulus. 
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C\,  STEROIDS,  17a-HYDROXYCORTICOSTERONE  AND  A 
SODIUM  RETAINING  FACTOR  IN  HUMAN  FETAL 
ADRENAL  GLANDS' 


E.  BLOCH,  K.  BENIRSCHKE  and  E.  ROSEMBERCJ 

The  irorccs/fT  Foundation  for  Experimental  Biologi/,  Shreu'sbury,  Massachusetts,  the 
Department  of  Pathology,  Boston  Lying-in  Hospital,  Boston,  }fassachusetts, 
and  the  Worcester  State  Hospital  ^‘Dementia  Praecox  Research 
Project,”  Worcester,  Massachusetts 

The  embryological  development  of  the  hiiman  fetal  adrenal  cortex, 
and,  perhaps,  other  primates,  is  unique.  During  the  second  month  of 
fetal  life,  a  distinct  adrenal  cortex  is  recognized.  It  reaches  its  largest  rela¬ 
tive  size  during  the  third  and  fourth  month  when  it  occupies  about  0.5% 
of  the  total  body  volume  as  compared  to  0.01%  in  the  adult  (Jackson, 
1009).  The  histological  picture  of  the  fetal  adrenal  cortex  differs  from  that 
of  the  adult  by  the  presence  of  the  fetal  zone,  which  compri.ses  about  80% 
of  the  whole  cortex.  The  fetal  zone  degenerates  rapidly  during  the  fir.st 
post-natal  months.  In  addition,  only  the  glomerular  and  fa.scicular  zones 
of  the  cortex  are  fairly  well  developed  in  the  fetus  (Lanman,  1953). 

In  contrast  to  the  available  data  on  the  morphology  and  anatomy  of  the 
human  fetal  adrenal  cortex,  its  physiology  remains  largely  unknown.  An  ex¬ 
cellent  review  of  the  subject  has  been  published  by  Lanman  (1953).  Large 
amounts  of  a.scorbic  acid  (Bourne,  1933)  and  lipid  material  (  Lanman,  1953) 
have  been  demonstrated  by  histochemical  means  to  be  present  in  the  fetal 
zone.  Staemmler  (1953)  observed  increasing  amounts  of  adrenal  corticoids 
as  fetal  age  progressed  from  the  fifth  lunar  month  to  birth.  Bloch  et  al. 
(1955)  found  the  androgen  A^-androstene-3,17-dione  in  two  human  fetal 
adrenals,  one  being  hyperplastic.  The  authors  are  not  aware  of  any  other 
chemical  evidence  for  steroid  production. 

This  study  was  undertaken  to  investigate  the  C19  and  C21  .steroid  content 
in  adrenal  cortical  ti.ssue  of  human  fetuses. 

EXPERIMENTAL 

Fetal  Adrenal  Glands:  Adrenal  slands  were  obtained  from  normal  male  and’  female 
fetuses,  and  kejd  stored  individually  in  the  frozen  state.  A  detailerl  description  of  the 
physioloftieal  st.ate  and  the  sonree  of  these  :iilrenals  is  f^iven  elsewhere  (Henirschke  et  al., 

l{(‘ceived  Decemher  7,  19.*).'). 

'  This  work  was  supported  in  part  l)y  the  Mc'dical  Research  ami  Development  Hoard. 
Ollice  of  the  Surgeon  (leneral,  l)ej)artment  of  the  .Army,  (’ontract  No.  l).\-49-(M)7-M  D- 
418;  by  contract  AT(30-1)-918,  United  States  .Atomic  Knei'Ky  C'ommission,  and  in  pait 
by  a  grant  from  G.  1).  Searle  &  Company,  Chicago,  Illinois. 
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1956).  Prior  to  steroid  analysis,  the  individual  adrenals  were  pooled  in  groups  according 
to  sex  and  age  (See  Table  1). 

Extraction  and  Purification:  Each  group  of  adrenals  was  homogenized  in  a  Potter- 
Elvehjem  homogenizer  at  4°  C  with  3  volumes  of  cold,  physiological  saline  solution.  The 
homogenates  were  extracted  repeatedly  with  retlistilled  ethyl  acetate  (2  v/v)  and  with 
diethyl  ether-chloroform  (4:1)  (2  v  v),  followed  by  the  addition  of  10  volumes  of  hot 
acetone  to  the  aqueous  residue.  After  standing  for  two  hours,  the  supernatent  was  de¬ 
canted,  and  the  protein  residue  washed  twice  with  2  volumes  cold  acetone.  The  extract, 
after  acetone  removal,  was  extracted  with  ethyl  acetate  and  ether-chloroform  (4:1). 
The  organic  solvent  extracts  from  the  original  homogenate  and  from  the  acetone  extract 
were  combined  according  to  gronj)  of  adrenals,  and  the  solvents  removed  by  di.stillation 
in  vacuo  at  50-56°  C. 

The  dried  extracts  were  partitioned  between  90%  methanol  and  heptane  to  remove 
fatty  material.  The  methanol  fraction  was  taken  to  dryness;  the  residue  taken  up  in 
chloroform-ether  (1:1);  washed  once  with  0.1  N  NaOH  (0.2  v  v),  and  washed  with 
water  until  neutral.  After  removal  of  water  with  anhydrous  sodium  sulfate,  the  solvents 
were  removed  by  distillation  and  vacuum  desiccation. 

Chromatography:  Silica-gel  column  chromatography  of  the  extracts  resulted  in  frac¬ 
tions  1  (100  ml.  benzene),  2  (2X100  ml.  benzene  :ethyl  acetate  (2:1)),  and  3  (2X100  ml. 
ethyl  acetate: methanol  (4:1)). 

Fraction  2  was  chromatographed  twice  on  Whatman  filter  ])ai)er  No.  1  in  the  solvent 
system  heptane-proinlene  glycol  (Savard,  1953),  and  in  toluene-jjropylene  glycol 
(Burton  et  at.,  1951).  Fraction  3  was  chromatogra|)hed  twice  in  toluene-propylene  glycol 
and  once  (overflow,  only)  in  heptane-propylene  glycol.  The  area  on  the  chromatograms 
of  fraction  3  corresponding  to  the  approximate  mobility  of  aldosterone  was  eluted  and 
examined  for  sodium  retaining  activity  by  bioassay. 

All  chromatograms  were  examined  for  the  presence  of  A^-3-ketosteroids  (ultraviolet 
light  absorbancy),  1 7-ketosteroids  (Zimmermann  reagent,  Savard,  19.53)  and  21-ketolic 
steroids  (blue  triphenyl  tetrazolium  reagent  (Burton  et  al.,  1951)).  The  reactive  zones 
were  eluted  with  methanol-chloroform,  and  aliquots  taken  for  quantitative  determina¬ 
tions.  The  ap])ro])riate  eluates  were  ])ooled,  and  admixture  paper  chromatogra])hy  (chro- 
matograi)hy  of  eluate  mixed  with  an  authentic  sample  of  the  suspected  steroid)  carried 
out. 

The  bioassay  method  of  sodium-retaining  activity,  a  modification  of  the  one  devel- 
oi)ed  by  Marcus  et  at.  (19.52)  employs  the  bilaterally-adrenalectomized  male  rat  weigh¬ 
ing  between  135-1.50  g.  Each  animal  was  injected  intraperitoneally  with  45  mg.  of 
sodium  chloride  and  the  urine  was  collected  for  6  hours.  The  urinary  sodium  was  deter¬ 
mined  by  flame-photometry  using  a  Perkin-Elmer  Model  52C  instrument  and  an  internal 
standard  of  lithium.  The  eluted  zones  were  assayed  at  a  single  concentration  (20% 
ethanol),  and  the  standard  desoxycorticosteione  at  6  and  25  pg.  dosage  levels  were  as¬ 
sayed  simultaneously  with  the  unknowns.  4  animals,  grouped  in  pairs,  were  employed 
for  the  unknowns,  and  8  animals,  groui)ed  in  jiairs,  were  employed  for  the  solvent  con¬ 
trol  and  desoxycorticosterone  standard. 

RESULTS  AND  DISCUSSION 

Throe  Zininiorinann  reactive  17-keto.steroi(l  zones  (purple  color)  were 
observ(‘(l  on  the  paper  chroinalograins  of  the  extract  from  each  group  of 
fetal  adrenals.  Zones  1  and  8  absorbed  ultraviolet  light,  indicating  the  pres¬ 
ence  of  A^-8-ketosteroids.  The  chromatographic  mobility  of  zone  1  was 
identical  with  that  of  a  standard  reference  sample  of  A^-androstene-3,17- 
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(lione  (1.82-2.16  cm.  hr.  in  heptane-propylene  glycol),  of  zone  2  with  de- 
hydroepiaiulrosterone  (0.88-1.14  cm.  hr.),  and  of  zone  3  with  A^-andro- 
stene-ll(j-ol-3,17-dione  (2.5-3. 1  cm. /hr.  in  toluene-propylene  glycol).  Ad¬ 
mixture  chromatography  resulted  in  a  single  zone  in  every  instance.  Clroup 
VI  contained  traces  of  2  additional  .steroids,  corresponding  in  their  chroma¬ 
tographic  behavior  to  A^-androstene-3,ll,17-trione  and  androstane-3,17- 
dione.  Groups  III  and  VI  contained,  in  addition,  17a-hydroxy cortico¬ 
sterone. 

The  identification  of  the.se  C19  steroids  and  hydroxycorticosterone  is  ten¬ 
tative.  The  criteria  employed  do  not  permit  differentiation  between  dehy- 
drocpfandrosterone,  cpfandrosterone,  and  etiocholanolone,  however,  the 
following  considerations  offer  strong  confirmatory  evidence  for  the  correct¬ 
ness  of  identification,  (a)  The  majority  of  .steroids  isolated  from  adrenal 
tissue  have  been  3-keto.steroids'’(Dorfman  and  Ungar  (1953)).  (b)  With  the 
single  exception  of  androstane-3/3,ll/3-diol-17-one  (Reichstein  and  v.Euwe, 
1938),  all  Ci9  steroids  formed  by  adrenal  ti.s.sue  including  fetal  adrenals, 
have  been  3,17-diketosteroids  (Bloch  ct  aL,  1955a;  reviews  by  Roberts  and 
Szego,  1955,  and  Dorfman  and  Ungar,  1953).  (c)  The  production  of  dehy- 
drocp/androsterone  by  human  adrenal  tissue  has  been  establi.shed  (Bloch 
et  aL,  1956). 

The  quantities  of  each  C19  steroid  found  are  pre.sented  in  Table  1. 
marked  decrease  occurs  in  the  concentration  of  all  three  compounds  after 
the  13th  week  of  ge.station.  Increased  secretory  activity  (cornmencement- 
?),  reduction  in  synthesis,  and  or  a  more  rapid  weight  gain  as  compared  to 
increase  in  steroid  synthesis  may  explain  the  observed  reduction.  Sex  dif¬ 
ferences  and  differences  in  both  the  absolute  and  relative  amounts  between 
the  three  1 7-keto.steroids  indicated  by  the  data  of  Table  1,  with  the  excep¬ 
tion  of  the  above  noted  decrease,  are  not  considered  significant. 

The  extracts  from  all  groups  of  fetal  adrenal  glands  exhibited  sodium  re¬ 
taining  activity  (Table  2).  The  data  represents  results  from  male  and  fe¬ 
male  extracts  pooled  according  to  gestational  age.  In  view  of  the  small  num¬ 
ber  of  rats  used  per  sample  in  the  bioassays,  it  is  not  deemed  advisable  to 
express  the  resiilts  in  terms  of  jug.  equivalents  of  desoxycorticosterone.  The 
suggestion  is  made  on  the  ba.sis  of  approximate  chromatographic  mobility 
that  the  observed  sodium  retaining  activity  may  be  due  to  a  substance 
similar  to  or  identical  with  aldosterone. 

The  trace  amounts  of  17a-hydroxy corticosterone  detected  in  the  adrenal 
extracts  of  Groups  III  and  VI,  and  the  absence  of  glucocorticoids  otWrwise 
stands  in  marked  contrast  to  findings  in  adult  human  adrenal  glands  where 
17a-hydroxycorticosterone  and  corticosterone  are  the  major  adrenocortical 
.secretory  products  (Roberts  and  Szego,  1955).  On  the  other  hand,  our  re- 
.sults  extend  Staemmler’s  study  (19.')3)  of  the  presence  of  corticoid  in  older 
fetuses  (20  weeks  to  birth)  to  fetuses  less  than  22  weeks  old.  .\s  determined 
by  the  blue-tetrazolium  color  reaction  on  paper,  the  adrenal  glands  from 
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both  male  ami  female  fetuses,  l().o-21.0  weeks  old,  contained  about  O.S  jitp;. 
17a-hydroxycoiiieos(erone  and  corticosterone  per  }j;ram  tissue.  Adrenals 
from  younger  fetuses  contained  less  than  0.2  /ig.  hydroxycorticosterone  or 
cortico.sterone.  Hence,  the  ratio  of  the  sum  of  the  C19  steroids  (as  computed 
from  Table  I),  to  ITa-hydroxycorticosterone+corticosterone  decreases 
with  advancing  age  (O.oth  to  21st  week)  from  the  order  of  100;  1  to  5-10:1. 

The  findings  reported  here  would  suggest  that  the  early  human  fetal 
adrenal  cortex  (^Oth  to  20th  week  of  gestation)  synthesizes  primarily  weak 
androgens.  The  radical  difference  in  the  ratios  of  androgen-glucocorticoid 
production  between  the  early  fetal  and  adult  adrenal  cortex,  and  the  pres¬ 
ence  of  detectable  amounts  of  glucocorticoids  after  midgestation,  would 
point  to  the  fetal  zone  as  the  .site  of  androgen  production,  and  the  fa.scicu- 
lar  zone  as  the  locale  of  glucocorticoid  .synthesis.  Alternately,  the  observa- 


Table  1.  17-Ketostkr()U>  <’ontk\t  of  normal  m  man  male  and  female  fetal 

ADRENAL  (JLANDS 


l..^ngth  in 
cm.  (’R* 

(U*stational 

No.  of 
adrenals 
pt*r 
group 

Av.  wt.t 
per 

adrenal 
gland  (gm.) 

17-Ketosteroicl  concentration 
(m8.  S»i.  tissue) 

(I  roup 

age 

(wt'cks) 

A‘-andros- 

tene-3,17- 

dione 

Dehydro- 

epiandros- 

terone 

A^-andro.s- 

tene-ll/3-ol- 

3,17-dione 

Malt'S 

1 

7.5-  9.5  cm. 

11.0-12.5 

17 

0.1 

6.0 

6.4 

4.7 

II 

10.0-12.0  cm. 

13.0-14.5 

16 

0.2 

2.6 

3.7 

4.8 

III 

I.■>.0-I9..5  0111. 

If). .5-21.0 

24 

0.6 

1.5 

1.7 

0.4 

F»‘maU*s 

IV 

.1.5^  8.2  cm. 

0.5-11.5 

10 

0.1 

14.1 

8.5 

7.3 

\’ 

10.5-14.5  <111. 

13. .V  16.5 

34 

0.2 

1 .9 

4.0 

2.1 

VI 

15.M8.0  nil. 

16.5  10.5 

18 

0.4 

2.3 

2.0 

1.6 

*  CU  (or  ('rown-Huinp)  length  is  the  sitting  height  of  the  fetus  and  from  it  the  gestational  age  was  estimated  by 
subtracting  2  wc*<*ks  from  the  menstrual  ages,  e‘aleulate*d  by  Stree‘ter  (1920). 

t  These  glands  were  disse'CtiMl  immediately  following  therapeutic  interruption  of  pregnancy  and  frozen,  stored  at 
“30°  ('  and  e'olle'cted  over  a  2  ye^ar  period.  During  the  preM'ess  of  disse*ction  and  weighing  and  while  being  stored,  there 
has  undoubtedly  ex'curred  .some  cliange*  in  the*  we'ight  due*  te)  dehydratiem.  Hene*e,  the  value*s  given  he*re  are  to  be*  inter¬ 
preted  as  approximate  ones. 


tions  of  this  investigation  could  be  interpreted  on  the  basis  of  selective 
storage  of  C19  steroids  and  sodium-retaining  factors  by  the  adrenal  with  a 
rapid  secretory  rate  of  glucocorticoids.  Such  a  phenomenon  has  not  been 
observed  in  any  other  instance  of  adrenal  activity,  and,  hence,  .‘^eems  im¬ 
probable.  Finally,  it  is  noteworthy  that  the  adrenal  cortex  contains  a  so¬ 
dium-retaining  factor  (aldosterone-like)  as  early  as  the  9th-llth  week  of 
gestation. 

The  preceding  discu.'^sion,  the  results  reported  in  the  literature  by  other 
investigators  (Benirschke  et  al.,  IffoO;  Blackman,  1946;  Lanman,  1953; 
Roberts  and  Szego,  1955;  and  others),  and  the  contributions  from  studies 
of  the  adrenogenital  syndrome  (Wilkins,  1955),  .substantiate  the  hypothesis 
that  adrenal  androgens  are  synthesized  in  the  fetal  and  reticular  zones, 
glucocorticoids  in  the  fascicular  zone,  and  mineralocorticoids  in  the  glomer¬ 
ular  zone.  For  reasons  de.scribed  elsewhere  (Benirschke  et  al.,  1956),  it  is 
considered  that  the  production  of  C19  steroids  by  the  fetal  zone  is  controlled 
by  lutenizing  hormone  (LH).  The  source  of  LH  during  early  gestation  is 
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maternal  chorionic  gonadotrophin.  After  inidgestation,  the  fetal  pitnitary, 
nnder  the  stinmlation  of  increa.'^ing  maternal  estrogen  levels,  produces  its 
own  1>H.  (Vssation  of  maternal  estrogen  action  on  the  fetal  j^ituitary,  con¬ 
comitant  with  l)irth,  may  he  the  cause  of  the  marked  decline  in  (h.)  steroid 
synthesis  as  judged  by  plasma  and  urinary  17-ketosteroid  levels  (CJardner 
and  Walton,  H)o4a,  19o4b;  Read  c(  al.,  IDoO).  Insofar  as  the  fetal  zone  is 
the  site  of  androgen  synthesis,  its  involution  (caused  by  lack  of  maternal 
estrogen.s-?)  would  automatically  be  accompanied  by  cessation  of  androgen 
synthesis.  The  virtual  absence  of  both  the  fetal  and  reticular  zones,  except 
for  a  narrow  band  of  cells  located  close  to  the  fascicular  zone,  until  the 
third  year  (Blackman,  ll)4t)),  explains  the  very  low  levels  of  urinary  (haOo 
steroids  observed  in  infants  and  young  children.  From  these  findings,  it  is 
postulated  that  adrenal  androgen  synthesis  is  minimal  during  this  period. 
With  development  and  growth  of  the  reticular  zone  through  about  the  ISth 
year,  Ch9  synthesis  is  again  elevated  to  finally  reach  maximum  levels  during 
the  second  and  third  decades  of  life  (Dorfman,  lt)4S;  Pincus  et  aL,  U).').')). 
In  later  life,  androgen  production  declines  (Pincus  ct  al.,  Ihoo). 

The  lack  of  demonst  rat  able  glucocorticoids  in  early  fetal  adrenal  tissue 
may  be  due  to  (a)  a  sub-minimal  ACTH  production  in  and  or  release  by 
the  pituitary  per  se;  (b)  inhibition  of  ACTH  synthesis  or  relea.se  by  circu¬ 
lating  maternal  corticoids,  or  (c)  a  lack  of  physiological  conditions  or  en¬ 
zyme  systems  essential  for  glucocorticoid  synthesis  within  the  fascicular 
cells.  The  observation  of  a  slow  and  steady  lise  in  glucocorticoid  elaboration 
from  midgestation  to  adult  levels  at  the  age  of  8-7  years,  without  a  marked 
change  at  birth  (Heard,  194S;  Read  et  al.,  Staemmler,  10.^8;  Zeisel, 

19o8)  correlated  with  the  development  of  the  fascicular  and  glomerular 
zones  pre.sence  of  both  zones  from  early  fetal  life  onwards,  lack  of  regres¬ 
sion  at  birth,  and  moderate  enlargement  during  the  first  .several  years  of 
postnatal  life  (Benirschke  et  oL,  IPoO;  Blackman,  1()4();  Lanman,  19.o8) 
— strengthens  the  view  that  these  zones  are  the  sites  of  glucocorticoul  syn¬ 
thesis.  Responsiveness  to  ACTH  stimulation  and  some  histochemical  evi¬ 
dence  (Josimovich  et  al.,  1955;  Jones,  1949;  Yoffey,  19.')8)  favor  strongly 
the  fascicular  zone  as  the  probable  site  of  synthesis.  Urinary  excretion 
studies  indicate  that  glucocorticoid  synthesis  remains  fairly  constant 
through  the  7th  decade  of  life  (Pincus  et  al.,  1955). 

Mineralocorticoid  .synthetic  activity  commences  very  early  in  the  fetus 
and  persists  throughout  life.  The  glomerular  zone  has  been  implicated  as 
the  site  of  elaboration  (Dean  and  Seligman,  1958;  Jones,  1949).  Very  little 
is  known  about  the  site  of  production  of  estrogens  by  the  adrenal  cortex. 
The  ability  of  the  adrenal  gland  to  synthesize  estrogens  has  been  demon¬ 
strated  by  the  isolation  of  estrone  from  bovine  adrenal  ti.ssue  (Beall,  1940), 
and  the  conversion  of  ASandrostene-19-ol-8,17-dione  to  estrone  by  adrenal 
glands  (Meyer,  1955). 

It  must  be  emphasized  that  the  concepts  developed  above  are  largely 
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theoretical  and  depend  to  a  considerable  extent  on  evidence  obtained  from 
indirect  studies  of  adrenocortical  function  (e.g.,  urinary  steroid  excretion). 
The  authors  believe  that  species  dilTerences  do  not  admit  of  an  interpreta¬ 
tion  of  human  adrenal  function  and  development,  particularly  in  the  case 
of  the  fetal  adrenal  gland,  on  the  basis  of  results  obtained  from  studies 
with  non-human  species.  Further,  to  date,  histochemical  studies  have  re¬ 
sulted  in  essentially  opposing  theories  on  the  function  of  the  reticular  and 
fascicular  zones  (Yoffey,  1953;  Yoffey,  1955;  Symington  et  aL,  1955)  which 
have  provided  much  valuable  data  but  have  not  elucidated  the  relation¬ 
ship  between  morphology  and  function.  Extensive  chemical  .studies  on 
human  adrenal  cortical  function,  especially  during  the  fetal  and  infancy- 
childhood  age  span,  remain  to  be  carried  out  to  provide  much  needed  ex¬ 
perimental  clarification. 

SUMMARY 

Adrenal  tis.sue  from  normal,  male  and  female  human  fetu.ses,  from  the 
9th-21st  week  of  gestation,  were  analyzed  for  their  C19  and  C21  contents. 
Three  C19  steroids  were  tentatively  identified  by  paper  chromatographic 
methods  as  being  present  in  all  sex  and  age  groups:  A^-androstene-3,17- 
dione,  dehydrocpfandrosterone,  and  A^-androstene-llj3-ol-3,17-dione.  Hy- 
droxycorticosterone  was  detected  in  the  tis.sue  extracts  from  the  16.5- 
21.0  week  of  gestation.  Extracts  from  all  groups,  when  analyzed  for  sodium 
retaining  activity  by  bioassay,  were  found  to  be  active. 

The  concentration  of  Ci9  steroids  per  gram  of  adrenal  tissue  decreased 
with  advancing  fetal  age  (from  about  30  to  8  jug.  gm.  ti.ssue)  without  sig¬ 
nificant  differences  between  the  .sexes.  This  decrease  is  ascribed  to  an  (a) 
increased  release  by  the  adrenal  gland,  (b)  reduced  C19  steroid  synthesis, 
or  and  (c)  larger  adrenal  weight  increa.se  than  steroid  synthesis. 

The  ratio  of  androgenic  to  glucocorticoid  steroid  content  varietl  from 
a  magnitude  of  100:1  for  the  9.5-12.5  week  old  fetal  adrenals  to  5-10:1 
for  the  16.5-21.0  week  old  fetal  adrenals. 

It  is  .suggested  that  the  early  fetal  adrenal  cortex  .synthesizes  primarily 
weak  androgenic  steroids  and  a  sodium  retaining  factor  similar  to  aldo¬ 
sterone.  Ci9  steroid  synthesis  is  considered  to  occur  in  the  fetal  zone  with 
decreasing  activity  as  fetal  age  advances.  The  hypothesis  is  advanced 
that  the  fetal  and  reticular  zones  are  the  sites  of  adrenal  androgen  produc¬ 
tion,  and  the  fascicular  and  glomerular  zones,  respectively,  the  sites  of 
glucocorticoid  and  mineralocorticoid  synthesis,  respectively. 

A  cknou'ledgment 

The  technical  assistance  of  Mr.  Gregory  Korsh  is  gratefully  acknowledged. 

REFERENCES 

Beall,  D.:  J.  Endocrinol.  2:  81.  1940. 

Benirschke,  K.:  Endocrinology.  1956,  in  press. 

Blackman,  S.  S.:  Bull.  Johns  Hopkins  IIosp.  78:  ISO.  1946. 


MdjJ,  lOod 


STEROIDS  IX  HUMAN  FETAL  ADRENALS 


633 


Bloch.  E.,  K.  Bknikschke  anu  R.  I.  Dorfmax:  J.  Clin.  Endocrinol.  <t  Metah.  15:  379' 

1 955. 

Bloch.  E.,  R.  I.  Dorfmax  and  G.  Pixels:  in  press.  Arch.  Biochem.  Biopliys.  1956. 
Boirxk.  G.  H.:  Xature,  132:  859.  1933. 

Burtox,  R.  B.,  a.  Zaffaroxi  and  E.  H.  Keut.maxx:  J.  Biol.  Cheni.  193:  769.  1951. 
Dkax,  H.  W.  and  a.  M.  Skligmax:  Vits.  and  Horm.  11:  173.  1953. 

Dorfmax.  R.  I.:  in  Pixcus  and  Thimaxx.  The  Hormones,  Vol.  1.  Acad.  Press  Inc.  Pnbl., 
N.  Y.  1948.  Pp.  496-517. 

Dorfmax.  R.  I.  and  F.  Uxgar:  Metabolism  of  Steroid  Hormones,  Buif'ess  Piil)l.  Co., 
Minneaijolis.  1953. 

Gardner.  L.  I.  and  R.  L.  Waltox:  Helv.  Baed.  Acta  4:  311.  1954a. 

Gardner.  L.  I.  axd  R.  L.  Waltox:  J.  Clin.  Invest.  33:  1642.  19541). 

Heard,  R.  D.  H.:  in  Fixers  and  Thimaxx:  The  Hormones,  Vol.  1,  Acad.  Press  Inc. 

Publ..  N.  Y..  1948.  Pp.  602  603. 

.l.ACKsox,  ('.  M.:  Amer.  J.  Anat.  9:  119.  1909. 

Jones  I.  Endocrinology  45:  514.  1949. 

JosiMOMCH.  J.  B.,  A.  J.  Ladmax,  H.  D.  Wexdler:  Endocrinology  54:  627.  1954. 
Lax.ma.x,  j.  T.:  .Medicine  32:  389.  1953. 

Marci  s,  F.,  L.  P.  Romanoff  and  G.  Pixcus:  Endocrinology  50:  286.  1952. 

Meyer.  A.:  Biochim.  Biophys.  .\cta  17:  441.  1955. 

Fixers,  G.,  R.  1.  Dorfmax,  L.  P.  Romanoff,  B.  L.  Ruhix,  E.  Bloch.  J.  Carlo  and 
H.  Freemax:  Rec.  Prog.  Horm.  Res.  11:  307.  1955. 

Read,  ('.,  E.  N.  Vexxixg  .ixd  M.  P.  Ripsteix:  J.  Clin.  Endocrinol.  10:  845.  1950. 
Reichsteix,  T.  and  j.  v.Euwe:  Helv.  Chim.  Acta  21:  1197.  1938. 

Roberts,  S.  axd  C.  M.  Szego:  .4 hr.  Rev.  Biochem.  24:  543.  1955. 

Savard,  K.:  j.  Biol.  Chem.  202:  457.  1953. 

Staemmler,  H.  j.:  .\rch.f.  Gynaek.  182:  521.  1953. 

Streeter.  G.  L.,  Embryology  XI:  143.  1920. 

Sy.mixgtox,  T.,  a.  R.  Currie,  R.  C.  Currax  and  J.  N.  Davidson:  Ciba  Found.  Coll. 
Endocrinol.  8:  70.  1955. 

Wilkins,  L.,  A.  M.  Boxgiovaxnt,  G.  W.  Clayton,  M.  M.  Grumbach  and  J.  Van 
Wyck:  Ciba  Found.  Coll.  Endocrinol.  8:  460.  1955. 

Yoffey,  j.  M.:  in  Yoffey:  The  Suprarenal  Cortex,  Butterworths  Scient.  Publ.,  London, 
1953.  Pi).  31-38. 

Yoffey,  J.  M.:  Ciba  Found.  Coll.  Endocrinol.  8:  18.  1955. 

Zeisel,  H.:  Z.  Kinderhcilk.  72:  675.  1953. 


RADIOIODIDE  IN  THE  THYROID  AND  IN  OTHER 
OROANS  OF  RATS  TREATED  WITH  LARGE 
DOSES  OF  PERC'HLORATE' 

N.  S.  HALMl,  R.  G.  STUELKE^  and  M.  1).  SC’HNELI/ 
with  the  assistance  of  n.  a.  woodcock^  and  h.  j.  swan* 

Department  of  Anatom p.  State  I'nirersiti)  of  Iowa.  Iowa  Citij,  Iowa 

WE  IN\  EsTKJATED  the  hitherto  largely  unexplored  first  step  of 
thyroid  hormone  biogenesis,  the  diffusion  of  iodide  into  the  thy¬ 
roid,  by  administering  radioiodide  after  complete  blocking  of  the  thyroidal 
iodide  pump  (“trap”)  with  its  most  potent  inhibitor,  sodium  perchlorate 
(Wyngaarden  et  oL,  1952).  We  correlated  the  amount  of  radioiodide  that 
was  found  in  the  thyroid  under  such  conditions  with  the  structure  of  the 
gland,  which  was  experimentally  altered  by  varying  the  intensity  of  thy- 
rotrophic  stimulation.  It  was  our  hope  that  such  a  study  may  yield  infor¬ 
mation  concerning  a)  the  site  of  the  iodide  “trap”  within  the  thyroid 
parenchyma  and  b)  the  possible  influence  of  thyrotrophin  on  the  permea¬ 
bility  of  the  thyroid  cell  to  iodide.  Levine  and  Goldstein  (1955)  have  re¬ 
cently  emphasized,  in  discussing  the  mode  of  action  of  insulin,  that  hor¬ 
mones  may  regulate  metabolic  processes  by  altering  the  permeability  of 
cell  membranes  to  specific  substances. 

Our  investigations  were  then  extended  to  the  effect  of  j)erchlorate  on 
a)  the  distribution  of  radioiodide  in  organs  other  than  the  thyroid,  b)  the 
radioiodide  space  of  the  whole  body,  c)  the  gastric  iodide  pump,  d)  intes¬ 
tinal  absorption  of  radioiodide  and  e)  excretion  of  radioiodide. 

MATERIALS  AND  METHODS 

1 .  Experimental  anvnals 

Tliis  study  was  |)eif()rine(l  (»n  yoiiii};  adult  male  rats  of  tlie  Spraj'ue-Dawley  strain 
wliicli  were  maintained  on  R<(ekland  i)ellets  and  taj)  water. 

2.  Injection.‘i 

Injections  were  friven  sulxuitaneously. 

a)  Propi/lthionracil  {PTV).  .\11  animals  reeeived  I’Tl'  to  prevent  orf;anie  hindiiiff  of 
radioiodine.  Unless  otherwise  speeified,  a  single  injeetion  of  (>  111^.  of  PTU  in  solution 
form  was  liiven. 
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1))  Perchlorate.  Experiments  on  rats  witli  hislily  active  thyroidal  iodide  “trai)s,”  the 
results  of  which  are  included  in  Table  1,  showed  that  100  mf>;.  of  NaC’104  was  as  effective 
as  200  or  400  ms.  in  aholishins  the  function  of  the  iodide  concentrating  mechanism. 
Results  obtained  with  these  three  dosa^ps  were  therefore  pooled  in  preparing  Table  1, 
and  in  subsecpient  experiments  100  mg.  of  NaC’l()4  was  used. 

c)  Chlorvle.  NaC'l  was  given  in  a  dose  (47.5  mg.)  equal  to  100  mg.  of  NaC'104  on  a 
molar  basis  to  rats  which  served  as  controls  to  the  perchlorate-treated  animals. 

d)  Stable  iodide.  When  Nal  was  atlministered,  the  dosage  (122  mg.)  was  also  the  molar 
e<juivalent  of  100  mg.  of  NaCl()4.  In  one  experiment  (Table  1)  100  mg.  of  Nal  was  ad¬ 
ministered. 

e)  Treatments  designed  to  alter  thyroid  structure  are  described  in  detail  in  the  footnotes 
to  Table  1.  PTU  was  given  together  with  TSH  since  it  is  known  to  enhance  the  effective¬ 
ness  of  this  hormone  (Halmi  and  Rpirtos,  1954).  Prolonged  treatment  with  PTU  was 
instituted  to  ])roduce  goiter.  It  was  followed  by  three  triiodothyronine  injections  in  order 
to  depress  the  activity  of  the  stimulated  iodide  “traj)”  without  abolishing  the  goiter. 
This  was  considered  necessary  because  we  assumed  that  only  toxic  or  lethal  doses  of 
perchlorate  may  block  the  thyroidal  iodide  “traj)”  comidetely  if  the  thyroid-serum  radio¬ 
iodide  gradient  is  very  high,  as  it  is  likely  to  be  after  chronic  PTU  administration.  Four- 
hundred  mg.  of  Na('l()4  was  found  to  be  close  to  the  LDso. 

f)  Radioiodide,  (’arrier-free  P’^  was  given  in  doses  ranging  fiom  5  to  50  ytc. 

g)  Schedules.  When  the  rats  were  killed  1-1 1  hours  after  the  administration  of  radio¬ 
iodide,  the  .schedule  of  injections  was  as  follows: 

0  minute  :  (5  mg.  PTU  -H  50  mg.  Na('104®  or  23.7  mg.  NaCl  or  (»1  mg.  Nal 
45  minutes:  P’*  -j-  50  mg.  Xa('I04  or  23.8  mg.  NaUl  or  61  mg.  Nal 

103-135  minutes:  Sacrifice 

When  the  rats  were  sacrificed  4-4^  hours  after  radioiodide  administration,  the 
schedule  was  the  following: 

0  minute  :  6  mg.  PTU  -|-  50  mg.  Na('104  or  23.7  mg.  NaCl  or  61  mg.  Nal 
45  minutes:  P’*  -j-  25  mg.  NaC104  or  11.9  mg.  Na('l  or  30.5  mg.  Nal 

165  minutes;  25  mg.  NaC104  or  11 .9  mg.  NaCl  or  30.5  mg.  Nal 
285-315  minutes:  Sacrifice. 

In  exi)eriment  XVI  the  24  rats  received  a  total  of  52  mg.  of  PTU  according  to  the 
following  schedule: 

0  hour  ;  20  mg.  PTU  suspension 
24  hours;  6  mg.  PTU  solution 
32  hours;  20  mg.  PTU  suspension 
44  hours:  6  mg.  PTU  solution 
48-48i  hours:  Sacrifice 

Sixteen  rats  were  given  the  radioiodide  at  24  hours  and  N  rats  at  47  hours.  Eight  lats 
of  the  former  group  and  all  the  animals  of  the  latter  received  47.5  mg.  of  NaCl  at  47 
hours.  The  other  S  rats  of  the  fiivst  grou|)  were  injected  with  100  mg.  of  NaC'l()4  at  47 
hours. 

3.  Operative  procedures 

a)  Xephrectomy.  Bilateral  nephrectomy  was  performed  through  a  single  dorsal  in¬ 
cision.  The  rats  were  anesthetized  with  nembutal.  In  experiment  XV  nei)hrectomy  was 
carried  out  transi)eritoneally  since  it  was  combined  with  ligation  of  the  cardia  and  the 
pylorus. 

®  When  a  total  dose  of  200  or  400  mg.  of  NaCl()4  was  given,  the  single  doses  were  pro¬ 
portionately  higher. 
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b)  Cardiac  and  pyloric  ligation  was  i)erforme<l  under  neml)utal  anesthesia  in  such  rats 
as  were  subsequently  used  for  tlie  determination  of  gastric  juice-serum  radioiodide 
gradients.  The  oi)eration  was  followed  immediately  by  the  injection  of  PTU  (see  sched¬ 
ules). 

c)  Intestinal  ligation  and  radioiodide  injection.  In  order  to  study  the  absorption  of 
ladioiodide  from  the  small  intestine,  the  following  procetlure  was  carried  out.  Rats 
which  had  received  100  mg.  of  NaC104  or  47.5  mg.  of  NaC'l  one  hour  earlier  were  laparot- 
omized  under  nembutal  anesthesia  and  ligatures  were  apjdied  to  the  pylorus  and  the 
cecal  end  of  the  ileum.  Radioiodide  was  injected  into  the  duodenum  through  a  gauge 
27  hyjMxlermic  needle.  Thereafter  the  intestine  was  placed  back  into  the  abdominal 
cavity  and  the  skin  incision  was  closed  with  surgical  clii)s.  When  the  rats  were  sacrificed 
30  minutes  later,  the  small  intestine  was  removed  in  toto  and  dis.sected  free  of  its  mesen¬ 
tery, 

4.  Methods  used  in  securing  samples  of  body  fluids  and  tissues  and  in  determining  their 

radioactivity 

Blood  was  obtained  from  the  abdominal  aoi  ta.  Some  organ-serum  radioiodide  concen¬ 
tration  (O  S)  ratios  were  determined  by  the  method  of  VanderLaan  and  (ireer  (1950). 
Tissue  samples  not  weighing  over  50  mg.  were  .scjuashed  on  filter  paper  under  Scotch 
tape  and  0.1  ml.  of  serum  or  a  1  : 10  dilution  thereof  was  jupetted  onto  filter  paper,  dried 
and  coveied  with  Scotch  tape.  The  radioactivity  of  the  tissue  and  .serum  sami)les  was 
determined  by  means  of  a  thin  mica  end-window  (leiger-Miiller  (beta)  counter.  The  O  S 
ratio  was  expressed  as  the  (piotient  of  the  activity  of  100  mg.  of  wet  tissue  over  that  of 
0.1  ml.  of  serum.  This  method  was  used  for  thyroid,  salivary  glands,  ])ituitary,  adrenals 
and  diai)hragm.  For  thyroid-blood  radioiodide  concentration  ratio  determinations  0.1 
ml.  of  blood  was  laked  in  0.9  ml.  of  rlistilled  water  and  0.1  ml.  of  the  hemolysate  was 
used  in  the  manner  outlined  for  serum.  In  the  case  of  larger  organs  (kidney,  lung,  skin, 
liver,  testis,  gastrocnemius  muscle  and  stomach  wall)  either  the  whole  organ  or  a  i)iece 
not  weighing  over  2  gm.  was  ])ut  into  pla.stic  tubes,  serum  samples  were  collected  in 
similar  tubes,  radioactivities  were  determined  using  a  well-type  gamma  counter  (Texas 
C'ompany),  and  0  S  ratios  were  computed.  Measured  stomach  juice  sam])les  were  ob¬ 
tained  from  the  suiiernatant  of  centrifuged  gastric  contents  and  gamma-counted  in 
l)lastic  tubes.  l''.rythrocyte-i)lasma  radioiodide  concentration  ratios  were  determined  by 
collecting  blood  from  rats  injected  intraperitoneally  with  400  U.S.P.  units  of  heparin  20 
minutes  before  exsanguination.  The  blood  thus  obtained  was  centrifuged  in  plastic 
tubes  at  2.S00  r.j).m.  for  1  hour  and  then  .stored  in  a  deep  freeze  unit  for  24  hours.  Pieces 
containing  only  packed  erythrocytes  and  jjlasma,  respectively,  were  bioken  off  the  two 
ends  of  the  frozen  column  of  centrifuged  blood  after  its  removal  from  the  tube.  These 
pieces  were  placed  into  other  tubes,  weighed,  thawed  out  and  counted  in  the  gamma 
counter.  For  whole  blood-serum  radioiodide  concentration  ratio  determinations  the  blood 
sample  was  obtained  either  by  withdrawal  into  a  heparinized  syringe  or  by  laking  an  ali¬ 
quot  of  blood  in  distilled  water.  Serum  was  obtained  from  the  same  animals  by  severing 
the  aorta,  collecting  the  extra  vasa ted  blood  and  centrifuging  it  in  glass  tubes.  If  heparin¬ 
ized  blood  was  used,  the  radioactivity  of  known  volumes  of  both  blood  and  serum  was 
determined  by  gamma-counting.  If  laked  non-heparinized  blood  was  utilized,  measured 
blood  and  serum  samples  were  subjected  to  beta  counting.  I'\)r  plasma-serum  radioiodide 
distribution  studies  jdasma  was  obtained  by  centrifuging  blood  withdrawn  with  a  hei)arin- 
ized  syringe  and  serum  by  the  centrifugation  of  blood  collected  from  the  abdominal 
cavity  of  the  same  animals  after  severance  of  the  aorta.  Beta  counting  of  measured 
samples  was  u.scd  for  radioactivity  determinations.  The  amount  of  radioiodide  absorbed 
from  the  lumen  of  the  small  intestine  was  computed  by  comparing  the  activity  of  the 
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intraiiitestinally  injected  tracer  with  that  of  tlie  dissected  small  intestine  after  the  half- 
hour  in  vit'o  sojourn  of  the  tracer  in  its  lumen.  The  gamma  counter  was  used  in  this  ex¬ 
periment. 


5.  Radioiodide  space  determinations 

The  formula  used  for  the  computation  of  the  radioiodide  space  of  various  organs 
(expressed  as  %  of  their  total  volume)  was  based  on  the  assumption  that  the  radio¬ 
halogen  is  confined  to  the  extracellular  phase.  This  was  done  in  order  to  facilitate  com¬ 
parison  with  similarly  computed  organ  raflioiodide  and  radiobromide  si)aces  reported  l)y 
others  (Leblond.  1942,  Perlman  et  al.,  1941). 

When  O  S  ratios  were  determined,  the  radioiodide  space  of  the  organs  was  exjuessed 
as 

organ  radioiodidc  concentration  X  0.93  X  0.9,5  X  100 
serum  radioiodidc  concentration  X  0.99  ’ 

where  0.93  and  0.99  are  the  correction  factors  for  the  .solid  contents  of  serum  and  tissue 
fluid,  respectively,  and  0.9,5  is  the  factor  for  the  Gibb.s-Donnan  equilibrium.  When  the 
radioiodide  concentration  of  whole  blood  was  measured  instead  of  that  of  serum  (Table 
1),  the  above  formula  was  modified  in  accordance  with  the  observed  blood-serum  radio¬ 
iodide  concentration  ratios  (Table  2)  and  the  thyroid  radioiodide  space  was  therefore  ex¬ 
pressed  as 

thyroid  radioiodidc  concentration  X  0.93  X  0.95  X  0.7,5  X  100 
blood  radioiodidc  concentrations  X  0.99 


T.CBI.K  2.  DisTRIBI  TIOX  ok  R.CDIOIODIDE  IX  Bl.OOl)  (l-lj  HOl  RS  .\KTER 
s r Bc rT.\ x  Eo r s  i  x.i ectio x ) 


Radioiodidc  concentration  ratio 

Xa('104  (100  mg.) 

XaCl  (47.5  mg.) 

0 

lOrvthrocvtes  'plasma 

(10)  0.59  +0.01() 

(10)0., 59 +0.028 

(9)  0..5,5  +0.013 

Plasma  serum 

(9)  0.95  +0.090 

(10)  0.98+0.970 

.  - 

Whole  blood/serum 
a)  Heparinized  blood 

(28)0.7510.014 

(29)  0.70+0.013 

(9)  0.78+0.022 

b)  Non-heparinized  blood 

— 

— 

(20)0.80+0.010 

Number  of  rats  in  parentheses.  Means +staiutard  errors. 


The  body  radioiodide  sjiace  was  defined  as  the  volume  in  which  radioiodide  would  be 
distributed  if  its  concentration  throughout  the  body  were  the  same  as  in  serum.  In  ex¬ 
pressing  this  volume  as  %  of  body  weight  the  difTerence  between  the  densities  of  serum 
and  whole  body  was  neglected. 

().  Histological  methods 

Thyroids  were  fixed  in  Su.sa,  embedded  in  jiaraffin,  cut  at  0  p  and  stained  with 
periodic  acid-Schiff-trichrome.  The  ])ro])ortion  of  the  various  components  of  the  gland 
was  determined  on  projected  slides  by  the  linear  measurement  technique  of  I’otila  and 
Kallas  (1952'),  using  sections  taken  at  three  different  levels  from  each  gland. 

7.  Statistical  anali/sis  of  results 

Differences  between  the  means  of  measuiements  obtained  in  comiiarable  groups  were 
analyzed  with  the  aid  of  Student’s  “t”  test  and  are  called  significant  in  the  text  if  P 
<0.01. 
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RESULTS  AND  DISCUSSION 

1.  The  radioiodide  space  of  perchlorate-blocked  thyroids 

The  experiments  summarized  in  Table  1  showed  that  the  radioiodide 
space  of  perchlorate-blocked  thyroids  a)  was  approximately  three  times 
as  great  as  the  histologically  determined  stromal  compartment  of  the 
gland;  b)  did  not  vary  in  size  when  alterations  of  the  level  of  thyrotrophic 
stimulation  caused  enlargement  of  the  thyroid  or  changes  in  the  per¬ 
centage  of  thyroid  volume  occupied  by  stroma  plus  parenchymal  cells  and, 
on  the  functional  side,  profound  variations  in  the  activity  of  the  iodide 
“trap”;  c)  was  not  affected  by  the  administration  of  a  large  dose  of  stable 
iodide  before  the  injection  of  the  tracer,  and  d)  was  as  great  1-1 1  hours 
after  the  injection  of  radioiodide  as  it  was  at  4-4^  hours. 

Cooiment.  ('ircumstantial  evidence  for  the  anatomical  location  of  the 
iodide  “trap”  could  only  be  expected  from  the  determination  of  the  radio¬ 
iodide  space  of  perchlorate-blocked  thyroids  (which  iodide  presumably 
enters  by  diffusion  only),  if  the  interface  across  which  iodide  is  actively 
transported  were  impenetrable  to  diffusing  iodide.  If  this  premise  were 
fulfilled,  and  a)  the  iodide  pump  were  located  along  the  thyroid  cell- 
stromal  boundary,  the  radioiodide  space  after  perchlorate  block  should  be 
no  greater  than  the  stromal  compartment  of  the  thyroid;  b)  if  the  site  of 
the  pump  were  the  thyroid  cell-colloid  interface,  the  radioiodide  space  of 
the  perchlorate-lilocked  gland  should  vary  parallel  with  changes  in  the 
percentage  of  thyroid  volume  occupied  by  stroma  plus  parenchymal  cells. 
Actually,  the  thyroidal  radioiodide  space. after  perchlorate  treatment  was 
three  times  as  great  as  the  stromal  space.  Such  an  extension  of  the  radio¬ 
iodide  space  beyond  the  stromal  compartment  could  hardly  have  been 
stimulated  b}'  adsorption  of  radioiodide  to  structures  contained  in  or 
bounding  the  stroma,  since  the  magnitude  of  the  space  was  not  affected  by 
a  large  dose  of  stable  iodide.  Stable  iodide  would  have  competed  with  radio¬ 
iodide  for  loci  of  binding,  and  thereliy  would  have  diminished  any  appar¬ 
ent  enlargement  of  the  radioiodide  space  due  to  adsor})tion  of  the  tracer. 
Further,  the  radioiodide  space  of  perchlorate-blocked  thyroids  was  re¬ 
markably  constant  in  our  experimental  groups,  although  the  magnitude  of 
the  thyroidal  “stroma  plus  parenchymal  cells”  compartment  was  signifi¬ 
cantly  enhanced  by  thyrotrophin  (TSH)  and  diminished  by  its  lack.  Thus 
there  was  no  indication  that  iodide  diffuses  up  to  but  not  across  the  thy¬ 
roid  cell-colloid  interface,  and  there  was  evidence  that  the  basal  portion 
of  the  thyroid  cell  membrane  is  permeable  to  diffusing  iodide.  Our  experi¬ 
ments  could  therefore  jirovide  no  evidence  for  the  anatomical  site  of  the 
thyroidal  iodide  piimi).  .As  regards  the  second  objective  of  our  investiga¬ 
tions,  our  results  gave  no  indication  that  TSH  promotes  the  diffusion  of 
iodide  into  the  thyroid  parenchyma. 

The  constancy  of  the  radioiodide  sjiace  of  perchlorate-blocked  thyroids 
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under  a  variety  of  experimental  conditions  may  indicate  that  in  such 
glands  iodide  diffuses  throughout  the  stroma  and  parenchyma,  including 
the  colloid.  If  such  is  the  case,  an  explanation  mu.st  be  sought  for  the  fact 
that  the  thyroidal  radioiodide  space  is  only  a  fraction  of  the  space  occupied 
by  the  total  water  of  the  gland.  Thyroidal  water  content,  as  determined 
by  desiccation,  was  found  to  average  78%  of  the  gland’s  weight.  So  far  as 
the  thyroid  is  concerned,  equilibration  of  radioiodide  must  have  been 
complete  by  1-1^  hours  after  the  administration  of  the  tracer,  since  no  in¬ 
crease  in  the  thyroid-blood  radioiodide  concentration  ratio  was  observed 
when  the  rats  were  sacrificed  4-4|  hours  after  the  injection.  Two  factors 
that  could  hamper  the  diffusion  of  radioiodide  into  the  thyroid  are  a)  the 
electric  potential  of  the  thyroid  cell  membrane  and  b)  complexing  of 
radioiodide  with  plasma  proteins.  We  are  not  aware  of  any  information 
concerning  the  properties  of  the  thyroid  cell  membrane.  The  distribution 
of  radioiodide  among  the  components  of  blood  was  the  subject  of  the  sec¬ 
ond  series  of  experiments  included  in  this  study. 

2.  The  distributiem  of  radioiodide  in  blood  (Table  2) 

The  erythrocyte-plasma  radioiodide  concentration  (RHC/Pl)  ratio  was 
lower  than  that  observed  by  Boatman  and  Moses  (1951)  in  rats  and  by 
Kail  el  al.  (1950)  in  human  blood  in  vitro.  The  plasma-serum  radioiodide 
concentration  ratio  was  probably  not  significantly  different  from  1.  The 
whole  blood-serum  radioiodide  concentration  (B  S)  ratio  can  be  deter¬ 
mined  from  the  hematocrit  (H)  and  the  RBC  PI  ratio  by  the  following 
formula; 

PlXH-blOO-JI 

100 

In  our  exjxMience  the  hematocrit  values  of  rats  (pooled  data  for  animals 
which  received  ICO  mg.  of  NaCl()4,  47.5  mg.  of  NaC’l  or  no  salt)  ranged 
from  42  to  52  and  averaged  48.  With  the  hematocrit  at  48  and  the  RBC  PI 
ratio  at  0.57,  the  computed  B  S  ratio  is  0.79.  This  is  in  good  agreement 
with  the  values  which  we  obtained  by  actual  determination  of  this  ratio. 

The  distribution  of  radioiodide  in  blood  did  not  appear  to  be  significantly 
affected  by  treatment  of  the  rats  with  ICO  mg.  of  NaCK)4  or  ecjuimolecular 
amounts  of  NaCl,  nor  were  the  B  8  ratios  obtained  by  using  in  vitro  hepa¬ 
rinized  blood  different  from  those  determined  without  the  use  of  heparin. 

Comment.  The  reliability  of  our  direct  measurement  of  the  RBC  PI 
ratio  was  supported  by  the  agreement  between  the  B/S  ratio  computed 
on  its  basis  and  that  determined  experimentally.  If  the  erythrocyte  water 
content  is  05%  and  that  of  plasma  93%  (Rail  ei  al.,  19.50),  and  if  radioio¬ 
dide  distributed  itself  evenly  throughout  both  plasma  and  erythrocyte 
water,  without  the  occurrence  of  adsorption  or  binding,  the  RBC  PI  ratio 
should  be  0.70.  In  our  experiments  it  was  only  approximately  80%  of  this 
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value.  This  may  have  been  due  to  a)  electrolytic  dissociation  of  hemoglobin 
or  b)  binding  of  radioiodide  by  plasma  jiroleins.  The  lack  or  ditference  be¬ 
tween  jdasma  and  serum  radioiodide  concentrations  militates  against  a 
(piantitatively  important  binding  of  radioiodide  to  fibrinogen.  Complexing 
of  radioiodi<le  with  other  plasma  proteins  may  occur  and  may  be  the  only 
reason  for  the  apparent  disparity  between  the  radioiodide  space  and  the 
water  space  of  the  erythrocyte.®  However,  it  cannot  fully  account  for  the 
much  greater  difference  between  these  spaces  in  the  perchlorate-blocked 
thyroid  and  in  other  organs  which  will  be  subsetpiently  discussed. 

8.  A  survey  of  the  radioiodide  space  of  various  organs 

We  examined  the  organ-serum  radioiodide  concentration  (()  S)  ratio 
of  a  variety  of  organs  and  computed  their  radioiodide  space  on  the  basis 
of  these  measurements  (Table  8).  With  the  exception  of  the  stomach  wall 

TaBI.K  3.  OroAX-SERI  M  RADIUIODIDE  CONTEXTRATIOX  (0/'>)  ratios  AM)  OROAX 
RADIUIUDIDE  SI'ACES  (as  %  OK  VOl.l  ME)  1|  HOI  RS  AFTER  THE  ADMI XISTRATIOX 

OF  I”*.  Effect  of  ferchi.orate 


Treat  iiipnt 


Organ 

Kxpt.  No. 

47.5  mg.  NaCI 

0 

100  mg.  NaC'IO 

O/S  ratio 

]I31 

Space 

O  S  ratio 

I  HI 

Spaee 

O/S  ratio 

]131 

Space 

Kidney 

11 

(10)  0.l«)±0.024 

•■58% 

_ 

_ 

(8)0.70  +  0.0.35 

01% 

Lung 

111 

(0)0.6010.018 

53% 

— 

— 

(0)0.6210.018 

.14% 

Skin 

in 

(5)  0.53  +  0.027 

47% 

— 

— 

(0)0.54  +  0.014 

48% 

Subiiiaxillary 

gland 

Vl 

(9)0.4110.022 

30% 

_ 

_ 

(8)0.42  +  0.0.30 

37% 

Submaxillaiy 

gland 

XVI 11 

_ 

(11)  0.3910.014 

34% 

_ 

Carol  id 

XVll 

(6)  0..39 10.020 

34% 

— 

(0)0.33  1  0.023 

29% 

.Spleen 

111 

(5)  0.3810.013 

•33% 

— 

— 

(0)  0.34  +  0.010 

30% 

Liver 

11 

(10)  ().. 38  +  0. 013 

33% 

— 

— 

(8)  0.30  +  0.018 

32*'; 

Liver 

XIX 

— 

(7)  0.34  +  0.011 

30% 

— 

— 

Thyroid 

1 

— 

— 

— 

(10)  0.3710.010 

33% 

Cituitary 

Vl 

(9)  0.3210.014 

28% 

— 

— 

(10)0.31+0.012 

27% 

Pituitary 

XIX 

— 

— 

(11)  0.30  1  0.008 

20% 

— 

— 

Adrenal 

Vl 

(10)  0.29  1  0.021 

25% 

— 

(10)  0.29  +  0.012 

25% 

Adrenal 

XIX 

— 

(11)  0.29  +  0.012 

25% 

— 

T«*«tia 

111 

(.5)  0.22  1  0.007 

19% 

— 

(0)  0.23  +  0.008 

20% 

Diaphragm 

Vl 

(10)  0.20  +  0.011 

18% 

— 

— 

(10)  0.20  +  0.012 

18'i 

Diaphragm 

XIX 

— 

(11)  0.1510.008 

13% 

— 

— 

Number  of  rats  p<-r  croup  in  parentfu'ses.  Means  +  standard  errors.  Expt'rinients  designated  by  the  same  Roman 
numeral  were  earrir-d  out  simultaneously. 


(Table  G),  which  will  be  discussed  later,  and,  of  course,  the  non-blocked 
thyroid  (Table  1),  the  O  S  ratios  were  less  than  1  and  were  not  signifi¬ 
cantly  affected  by  100  mg.  of  NaC104  if  the  determinations  were  made 
1-1 5  hours  after  the  administration  of  the  tracer.  The  O  S  ratios  of  rats 
given  no  chloride  were  not  significantly  different  from  those  of  rats  which 
received  47.5  mg.  of  NaCl,  with  the  exception  of  the  diaphragm-serum 
ratio,  which  was  lower  if  the  animals  were  not  given  salt.  The  radioiodide 
space  of  the  perchlorate-blocked  thyroid  was  lower  than  that  of  kidney, 
lung  and  skin,  not  reliably  different  from  that  of  salivary  glands,  spleen 

®  .\ttempts  to  show  whether  some  serum  rudioiodide  was  ZnS04-precii)itahle  because 
of  protein-l)inding  were  inconclusive,  since  addition  of  Zn(0H)2-BaS04  to  a  solution 
of  radioiodide  in  distilled  water  also  resulted  in  absorption  of  varying  amounts  of  radio¬ 
iodide  to  the  precipitate. 
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and  liver,  and  higher  than  that  of  pituitary,  adrenal,  testis  and  skeletal 
innsele. 

(\)nimcnt.  d'he  ()  S  ratios  listed  in  'Pahle  d  do  not  dilYt'r  markedly  from 
those  obtained  for  some  of  these  organs  by  Wallace  and  lirodie  (IbdT) 
with  stable  iodide  in  dogs  and  by  Leblond  (1942)  with  radioiodide  in  rats. 
Wallace  and  Brodie  considered  the  iodide  space  to  be  coextensive  with  the 
extracellular  space.  Leblond,  on  the  other  hand,  believed  that  radioiodide 
does  enter  cells. 

Although  we  made  no  quantitative  determinations  of  the  .stromal  com¬ 
partments  of  organs  other  than  the  thyroid,  mere  inspection  of  hi.stologic 
preparations  suggest  that  the  radioiodide  space  is  considerably  greater  than 
the  extracellular  space  in  all  glands  that  were  examined,  with  the  possible 
exception  of  the  testis.  It  would  be  hazardous  to  attempt  a  hi.stologic  esti¬ 
mation  of  the  extracellular  compartment  in  lung,  spleen  and  skin.  In  the 
lung  the  extremely  rich  capillary  network  is  in  all  probability  largely  re¬ 
sponsible  for  the  high  O'^S  ratio.  The  skin  used  in  our  experiments  was 
taken  from  the  anterior  aspect  of  the  neck  and  included  the  hairs  but  not 
the  subcutis.  Although  hair  is  known  to  concentrate  iodide  (Leblond, 
1954),  this  process  must  be  slow,  since  plucked  hair  .showed  negligible  radi¬ 
oactivity  1-1 5  hours  after  the  administration  of  radioiodide.  The  com¬ 
paratively  high  O  S  ratio  of  skin  samples  which  consisted  of  the  dense 
fibrous  dermis,  the  epidermis  and  its  appendages  suggests  that  radioiodide 
in  this  organ  is  not  confined  to  the  vascular  and  tis.sue  fluid  compartments, 
but  may  penetrate  into  collagenous  fibers,  as  does  chloride  (Manery,  1954). 
The  fact  that  the  kidney  .showed  a  high  O  S  ratio  is  not  .surprising,  since 
radioiodide-containing  urine  is  concentrated  in  its  nephra.  The  probable 
uptake  of  radioiodide  by  renal  tubular  cells  will  be  discussed  later.  The 
radioiodide  space  of  striated  muscle  is  probably  somewhat  larger  than  its 
chloride  .space  (cf.  Woodbury,  1954).  Penetration  of  some  radioiodide  into 
the  muscle  fibers  therefore  appears  likely. 

Of  special  interest  is  the  fact  that  salivary  glands  .showed  no  evidence 
of  an  iodide  concentrating  mechanism  similar  to  that  of  the  stomach  (cf. 
Tables  3  and  (i).  The  existence  of  concentrated  iodide  in  human  saliva  as 
well  as  gastric  juice  is  well  established  (Honour  et  al.,  1952).  Freinkel  and 
Ingbar  (1953)  have  shown  that  the  human  salivary  iodide  concentrating 
mechanism  is  inhibited  by  thiocyanate.  A  con.siderable  portion  of  the 
combined  gastric-salivary  radioiodide  in  rats  is  contributed  by  the  saliva 
(Brown,  1955).  It  remains  to  be  explained,  therefore,  why  the  rat’s  .salivary 
glands  failed  to  contain  concentrated  radioiodide  under  the  conditions  of 
our  experiments,  even  though  the  gastric  wall  did.  John.son  and  Albert 
(1951)  have  also  reported  a  radioiodide  concentration  of  “salivary  gland” 
(submaxillary  according  to  a  personal  communication  of  Dr.  Albert)  lower 
than  that  of  blood.  The  ineffectivene.ss  of  perchlorate  on  salivary  gland- 
.serum  radioiodide  concentration  ratios  is  also  in  striking  contrast  with  its 
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marked  depressing  effect  on  the  gastric  wall-serum  ratio  (Table  li).  It  is, 
of  course,  ])ossibIe  that  tlu'  salivary  iodide  concentrating  mechanism 
transports  iodide  across  the  ajMcal  boundary  of  the  cells  into  the  lumen, 
and  that  the  cells  themselves  contain  no  concentrated  iodide,  but  this  may 
hold  true  for  the  gastric  iodide  pump  as  well.  In  the  likely  event  of  stagna¬ 
tion  of  saliva  in  the  extensive  duct  system  the  iodide  content  of  saliva 
should  influence  the  salivary  gland-serum  iodide  concentration  ratio. 
Therefore,  if  a  salivary  iodide  pump  similar  to  that  of  the  stomach  existed 
in  rats,  one  would  expect  a)  a  salivary  gland-serum  iodide  concentration 
ratio  higher  than  that  observed  and  b)  a  marked  influence  of  perchlorate 
on  this  ratio. 

It  is  interesting  to  compare  the  radiobromide  space  (Perlman  et  al., 
1041)  of  various  organs  with  their  radioiodide  space.  The  radiobromide 
space  of  rat  muscle  was  found  to  be  18%,  which  agrees  with  the  radioiodide 


TaBI.K  4.  KkKKC'T  ok  PEKt'llI.OUATK  ON  THE  BODY  RADIOIODIDE  SPACE 
OK  NEPHRECTOMIZED  RATS 


Hours  after 

Hours  after 

Uadioiodide  space, 

%  of  body  weight 

nephrectomy 

|131 

100  mg.  Na(’104 

47.5  mg.  Na('l 

2-2  ^ 

i-H 

(5)  25.0  ±0.0 

(0)  34.5+2.0 

.5-5 1 

i-H 

— 

(3)  38.3  +  1.3 

5-5 1 

4-4  i 

(6)  30.2  ±0.4 

(5)  74.1+4.7 

Number  of  rats  per  group  in  parentheses.  Means  +  standard  error. 


space,  but  that  of  the  liver  was  only  22%  and  that  of  the  adrenal  as  high 
as  36%.  Such  discrepancies  between  the  radioiodide  and  radiobromide 
spaces  are  not  easily  explained  if  one  assumes  that  both  radiohalogens  are 
confined  to  the  extracellular  phase  of  these  organs. 

In  conclusion,  radioiodide  appears  to  diffuse  into  the  cells  of  at  least 
some  organs  beside  the  thyroid.  The  radioiodide  space  of  all  organs  ex¬ 
amined  (with  the  exception  of  the  thyroid  and  the  stomach  wall  of  animals 
that  had  not  received  perchlorate)  appeared  to  be  less  than  their  total 
water  .space.  The  electric  properties  of  the  plasma  membranes  of  different 
cells  may  play  a  role  in  determining  the  characteristic  magnitude  of  the 
radioiodide  space  of  different  organs. 

4.  Effect  of  perchlorate  on  the  body  radioiodide  space  and  the  gastric  iodide 

CO nccntrati n g  m ech a n ism 

Having  investigated  the  radioiodide  space  of  various  organs,  we  became 
interested  in  the  radioiodide  space  of  the  whole  body,  and  the  effects  of 
perchlorate  thereupon.  Table  4  shows  that  perchlorate  significantly  de¬ 
pressed  the  body  radioiodide  space  of  nephrectomized  rats.  In  both  the 
perchlorate-treated  rats  and  the  chloride-treated  controls  the  magnitude 
of  the  body  radioiodide  space  increased  between  1  and  4  hours  after  the 
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administration  of  the  tracer.  However,  this  expansion  of  the  space  was 
much  more  marked  in  the  chloritle-t rented  animals. 

In  attempting  to  explain  these  observations,  we  compared  organ-serum 
radioiodide  concentration  ratios  determined  1-1 5  hours  and  4-4^  hours 
after  the  injection  of  Special  attention  was  paid  to  organs  which  are 
large  enough  to  influence  the  body  iodide  space,  viz.  liver,  muscles  and 
skin.  Both  nephrectomized  and  unoperated  rats  were  used  (Table  5). 
Neither  the  difference  between  the  body  radioiodide  space  of  perchlorate- 
treated  and  chloride-treated  rats  nor  the  expansion  of  this  space  with  time 
was  explained  by  the  findings  summarized  in  Table  5.  The  organ-serum 
radioiodide  concentration  ratios  for  muscle,  skin,  submaxillary  gland  and 
liver  may  have  been  slightly  higher  4-4|  hours  than  1-1|  hours  after  the 
injection  of  P®*  in  the  chloride-treated  group,  but  no  such  difference  was 

Table  5.  ORnAN-sERi  M  radioiodide  i'oncextration  (O  S)  ratios  l-lp  4-4^  and 
24-24^  HOI’RS  AFTER  AD.MINTSTRATION  OF  THE  TRACER.  KfFECT  OF  PERCHLORATE 
OR  STABLE  IODIDE 


Dost* 

of 

PTl’. 

mg. 

Kxpt. 

no. 

Hours 

after 

nephrec¬ 

tomy 

Hours 

0  S  ratio 

Organ 

after 

{131 

47.5  mg.  NaCl 

100  mg.  NaCIO. 

122  mg.  Nal 

Skeletal  muscle: 
diaphragm 

f. 

VI 

1-  u 

(10)0.20±0.011 

(10)  0.20 ±0.012 

gastrocnemius 

6 

VIII 

— 

4-  4i 

(f>)0.23±0.021 

(6)  0.19 ±0.020 

— 

Kastrorneinius 

f. 

IX 

— 

4-  4} 

(9)0.2.3  +  0.013 

— 

(9)0.19  +  0.008 

gastriM'nemius 

() 

V 

5-5  i 

4-  45 

(6)  0.18 ±0.000 

(6)0.20±0.009 

Skin 

t> 

III 

— 

1-  15 

(5)0.53±0.027 

(6)  0.54 ±0.014 

— 

Skin 

6 

VIII 

— 

4-  4J 

(6)  0.65 ±0.046 

(6)0.56±0.028 

— 

Skin 

f. 

V 

5-55 

4-  4i 

(6)0.59±0.016 

(6)  0.53  ±0.012 

— 

Submaxillary  gland 

VI 

— 

I-  15 

(9)  0.41  ±0.022 

(8)0.42±0.0,30 

— 

Submaxillary  gland 

(\ 

VII 

— 

4-  4i 

(5)0.48±0.040 

(7)0.39  +  0.012 

— 

Adrenal 

(i 

VI 

— 

1-  15 

(10)0.29±0.021 

(10)  0.29  ±0.012 

— 

Adrenal 

r, 

VII 

— 

4  4J 

(7)0.29±0.021 

(7)0.26±0.010 

— 

Liver 

II 

— 

1-  1! 

(10)0.38±0.013 

(8)  0.36±0.018 

— 

Liver 

r, 

VIII 

— 

4-  4J 

(6)0.42±0.018 

(6)0.34±0.015 

— 

Liver 

V 

5-55 

4-  4i 

(6)0.37±0.018 

(6)0.32±0.006 

— 

Liver 

f> 

IX 

— 

4-  44 

(10)0.47±0.022 

— 

(10)0. .34  +  0. 018 

I.,iver 

52 

XVI 

— 

24-244 

(8)  0.44  ±0.020 

(8)0..33±0.a31 

— 

J.iver 

52 

XVI 

— 

1-  14 

(8)0.32±0.010 

— 

“ 

Number  of  rats  per  ^roup  in  parentheses.  Mean.s  ±  standard  errors.  Experiments  desiKnattnl  by  the  same  Homan 
numeral  were  carried  out  simultaneously. 


observed  in  the  perchlorate-treated  group.  Further,  any  depressing  effect 
that  perchlorate  may  have  had  on  organ-serum  radioiodide  concentration 
ratios  was  minimal  in  comparison  with  its  influence  on  the  radioiodide 
space  of  the  whole  body. 

Subsequent  inv’estigations  showed  that  the  effect  of  perchlorate  on  body 
radioiodide  space  is  probably  largely  due  to  inhibition  of  the  gastric  iodide 
concentrating  mechanism.  Table  6  shows  that  the  gastric  wall-serum  radio¬ 
iodide  gradient,  which  was  somewhat  greater  than  1  and  did  not  increase 
with  time,  was  greatly  depressed  by  perchlorate.  More  significantly,  the 
gastric  juice-serum  radioiodide  concentration  ratio,  which  was  abov’e  1.5, 
was  reduced  to  less  than  1  by  perchlorate.  The  gastric  juice-serum  radio¬ 
iodide  gradient  was  lower  in  nephrectomized  rats,  and  was  markedly 
greater  in  such  animals  when  determined  4-4^  hours  after  P®‘  injection 
than  at  1-1 5  hours. 
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Comment.  The  shape  of  the  time  curve  of  the  body  radioiodide  space  in 
chloride-treated  nephrectomized  rats  suggests  that  ecpiilibration  of  the 
radioisotope  may  not  have  been  complete  4  hours  after  its  injection.  Myant 
et  at.  (1950)  have  also  found  that  the  radioiodide  space  of  the  human  body 
expands  up  to  5  hours  after  administration  of  the  tracer.  The  body  radio¬ 
iodide  space  of  man,  however,  was  substantially  lower  (approximately 
:i()%  of  body  weight)  than  that  of  rats  after  4  hours  of  equilibration  of 
The  body  stable  iodide  space  of  dogs  (Wallace  and  Brodie,  1937)  was 
also  in  the  vicinity  of  40%  of  body  weight.  Our  findings  regarding  the  large 
size  of  the  body  radioiodide  space  of  nephrectomized  rats  are,  however,  in 
good  agreement  with  Ingbar’s  (1953)  estimate  of  this  space  in  intact  rats. 
He  found  that  2-8  hours  after  the  administration  of  a  tracer  dose  of  radio¬ 
iodide  it  was  di.stributed  in  a  volume  equaling  that  of  the  entire  body. 

Since  we  could  confirm  earlier  observations  (Leblond,  1942  and  others) 
regarding  the  concentration  of  radioiodide  in  the  stomach  wall  and,  e.spe- 
cially,  in  the  ga.stric  contents,  we  concluded  that  the  gastric  stores  of  con¬ 
centrated  radioiodide  must  greatly  expand  the  body  radioiodide  space 

TaBI.E  6.  I'^KKECT  OF  PERCHI.ORATE  ON  THE  STOMAC  H  M  AM.-SERFM  AM)  GASTRIC 
.Il'ICE-SERrM  RADIOIODIDE  CONCENTRATION  RATIOS 


Kxpt.  no. 

Hours  after 

Hours  after 

ireatment 

nephrectomy 

1 131 

47.5  mg.  NaCI 

100  mg.  NaC'lO, 

Stoinarh  wall  serum 

11 

_ 

1-U 

(10)  1.45  +  0.10 

(8)  0.36 ±0.020 

Stomach  wall  serum 

XI 11 

— 

4-4  S 

(5)  1.44  +  0.20 

( lastrie  juice  serum 

XIV 

-- 

4-4} 

(8)  15.8  +  2.0 

(7)0.75  +  0.050 

(lastric  juice/serum 

XV 

1-1} 

(5)  1.9±0.4 

— 

(Jastric  juice  serum 

XV 

5-5i 

4-4} 

(3)  5.8±0.8 

— 

NumbtT  of  rats  p<*r  group  in  parenthe8t‘8.  Means  ±  standard  errors. 


Inhibition  of  the  gastric  iodide  concentrating  mechanism  was  previously 
achieved  by  means  of  thiocyanate  (Mason,  1952).  Perchlorate  was  now 
.shown  to  have  the  .same  effect.  The  reduction  of  the  body  radioiodide  space 
after  perchlorate  treatment  was  therefore  easily  explained. 

The  observed  increase  with  time  in  the  body  radioiodide  space  of  chlo¬ 
ride-treated  nephrectomized  rats  became  understandable  when  we  demon¬ 
strated  that  the  gastric  juice-serum  radioiodide  gradient  increased  pari 
passii  in  such  animals  (Table  6). 

The  observation  that  the  gastric  juice-serum  radioiodide  concentration 
ratio  was  greater  in  intact  than  in  nephrectomized  rats  (Table  6)  may  be 
tentatively  interpreted  by  a.ssuming  that  the  kinetics  of  gastric  radioiodide 
concentrating  are  e.s.sentially  .similar  to  those  of  thyroidal  radioiodide 
“trapping.”  Wollman  (1954)  has  pointed  out  that  the  thyroid-serum  radio¬ 
iodide  gradient  will  ri.se  if  the  rate  of  excretion  of  radioiodide  is  great  rela¬ 
tive  to  that  of  its  ecjuilibration.  Gastric  radioiodide  concentration  seems 
to  have  a  rate  of  eciuilibration  which  is  .slower  than  that  of  thyroidal  radio¬ 
iodide  “trapping.”  Hence,  if  the  ga.stric  and  thyroidal  iodide  pumps  are 
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comparable,  stomach  juice-serum  radioiodide  gradients  should  be  even 
more  readily  influenced  by  changes  in  the  rate  of  radioiodide  excretion  than 
are  T  S  ratios.  One  would  therefore  expect  a  markedly  higher  gastric 
juice-serum  radioiodide  gradient  in  animals  with  intact  kidneys  than  in 
nephrectomized  animals. 

The  body  radioiodide  space  of  perchlorate-treated  nephrectomized  rats 
(whose  gastric  iodide  pump  was  presumably  nonfunctional)  significantly 
increased  with  time.  This  could  not  be  ascribed  to  an  expansion  of  the 
radioiodide  space  of  any  of  the  organs  examined.  It  is  possible  that  there 
was  a  slow  diffusion  of  radioiodide  into  some  organ  system  that  was  not 
investigated,  e.g.  the  skeleton  and  the  central  nervous  system.  The  body 
radioiodide  space  of  3fl%  which  was  found  4-4|  hours  after  the  injection 
of  P®'  in  perchlorate-treated  rats  exceeds  the  extracellular  space  estimated 
in  other  species  by  any  of  the  conventional  methods  (Elkington  and 
Danowski,  Ifloo).  This  is  in  agreement  with  the  suggestion  that  radioiodide 
is  not  confined  to  the  extracellular  phase,  even  when  the  iodide  pumps  of 
the  body  are  blocked. 


5.  Ejfect  of  perchlorate  and  stable  iodide  on  hepatic  radioiodide  uptake 

I^blond  (1942)  found  less  radioiodide  in  the  livers  of  rats  after  pretreat¬ 
ment  with  large  doses  of  stable  iodide  than  if  no  stable  iodide  was  admin¬ 
istered.  He  suggested  that  the  liver  possesses  a  mechanism  for  the  accumu¬ 
lation  of  iodine  which  can  be  saturated.  Our  findings  confirmed  and  ex¬ 
tended  these  observations  (Table  5).  The  liver-serum  radioiodide  concen¬ 
tration  (L  8)  ratio  was  not  significantly  altered  by  perchlorate-pretreat¬ 
ment  if  the  determination  was  made  1-1^  hours  after  the  injection  of  P®*. 
Four  to  4§  hours  after  the  administration  of  the  tracer,  however,  the  L/S 
ratio  was  significantly  lower  in  perchlorate-treated  rats  than  in  chloride- 
treated  controls.  Stable  iodide  in  amounts  eciuimolecular  to  those  of  per¬ 
chlorate  had  the  same  effect.  The  L/^'  ratio  had  not  increased  beyond  the 
4-4^  hour  value  when  it  was  determined  24-24^  hours  after  radioiodide 
administration  (l-l^  hours  after  the  injection  of  NaCl).  The  24-24^  hour 
L/^  ratio  was  significantly  lowered  when  NaCl()4  was  injected  instead  of 
NaCl  1-1 1  hours  before  the  rats  were  killed.  The  rats  used  for  the  deter¬ 
mination  of  the  24-241  hour  L/S  ratio  had  received  52  mg.  of  propyl- 
’thiouracil  (PTC)  instead  of  the  customary  6  mg.  In  order  to  examine  the 
possible  effect  of  this  pretreatment  per  se  on  hepatic  radioiodide  uptake, 
the  1-1 5  hour  L  S  ratio  was  also  examined  in  such  animals.  It  was  signifi¬ 
cantly  lower  than  the  24  24^  hour  ratio  of  rats  which  had  not  received 
perchlorate  and  was  not  reliably  dilferent  from  the  li/S  ratios  found  at 
any  time  interval  after  P^‘  administration  in  perchlorate-treated  rats. 

Comment.  Our  findings  indicate  that  not  all  of  the  hepatic  radioiodide 
enters  the  organ  by  simple  diffusion.  Rather,  there  appears  to  exist  another 
hepatic  iodide  space  in  addition  to  the  iodide  diffusion  space  of  the  organ. 
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The  entry  of  radioiodide  into  this  second  compartment  occurs  slowly  and 
can  be  inhibited  with  stable  iodide  as  well  as  perchlorate.  Furthermore, 
radioiodide  can  be  discharged  from  this  compartment  by  means  of  per¬ 
chlorate.  I^astly,  once  radioiodide  has  entered  the  compartment,  it  seems 
to  equilibrate  with  .serum  iodide,  and  no  further  increa.se  in  the  L  S  ratio 
occurs  with  time.  8uch  an  increa.se  would  be  expected  if  radioiodide  be¬ 
came  bound  within  the  liver  in.stead  of  remaining  freely  exchangeable.  Our 
results  are  compatible  with  the  idea  that  the  liver  possesses  an  iodide  pump 
e.ssentially  comparable  with  that  of  the  thyroid,  except  that  the  equilibra¬ 
tion  of  pumped  hepatic  iodide  with  serum  iodide  is  slower  than  in  the  case 
of  the  thyroid,  and  that  the  hepatic  mechanism  is  probably  much  le.-s 
efficient  than  its  thyroidal  counterpart,  since  the  thyroid-serum  radio¬ 
iodide  gradient  may  reach  400,  whereas  the  liver-serum  radioiodide  con¬ 
centration  does  not  exceed  O.o. 

0.  EJfect  of  perchlorate  on  the  intestinal  absorption  and  the  excretion  of  radio¬ 
iodide 

Table  0  .shows  that  even  after  the  administration  of  a  dose  of  perchlorate 
which  presumably  blocked  the  gastric  iodide  pump  as  completely  as  it 
blocked  that  of  the  thyroid,  radioiodide  entered  the  gastric  juice.  Since 
the  epithelium  of  the  stomach  is  interpo.sed  between  the  blood  ves.sels  of 
the  stomach  wall  and  the  gastric  lumen,  ditfusing  radioiodide  must  have 
passed  through  the  epithelial  cells  or  the  intercellular  cement  sub.stance. 
.\  .similar  passage  of  iodide  across  the  intestinal  epithelium  mu.st  occur, 
since  little  of  the  gastric  radioiodide  can  be  recovered  in  the  feces  (Le- 
Idond,  1942).  We  found  that  intestinal  absorption  of  radioiodide  is  not 
specifically  affected  by  perchlorate  and  may  therefore  be  due  to  simple 
diffusion.  In  4  rats  which  were  injected  with  perchlorate  the  mean  absorp¬ 
tion  of  a  dose  of  radioiodide  from  the  small  intestine  was  78%  within  one- 
half  hour.  In  8  rats  injected  with  chloride  instead  of  perchlorate  an  average 
of  ()4%  of  an  intraintestinally  injected  dose  of  radioiodide  was  absorbed 
during  the  same  periotl. 

We  have  reasons  to  believe  that  iodide  enters  the  cells  of  the  renal 
tubules.  The  fact  that  a)  renal  clearance  of  iodide  is  promoted  by  chloride 
(Riggs,  1949)  and  that  b)  iodide  deficient  diets  are  more  goitrogenic  if  they 
are  supplemented  with  Na(d  (Axelrad  et  al.,  19oo)  is  most  easily  explained 
by  the  a.s.sumption  that  chloride  competes  with  iodide  for  a  renal  tubular 
absorptive  mechanism.  Our  experiments  suggest  that  perchlorate  is  even 
more  effective  in  this  reganl.  The  4  hour  urinary  excretion  of  radioiodide 
in  the  study  of  .lohnson  and  .\lber1  (19.')1)  on  rats  which  received  a  com¬ 
mercial  regimen  amounted  to  ai)])roximately  1()%  of  the  administered 
do.se.  In  ()  of  our  rats  which  were  injected  with  47.')%  mg.  of  NaC'l  the  4 
hour  loss  of  radioiodide  from  the  body  was  81+8%  (mean  +  standard 
error)  of  the  dose.  This  value  was  arrived  at  by  comparing  the  activity  of 
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the  injected  tracer  with  that  of  blood  samples  and  taking  into  account  the 
magnitude  of  the  body  radioiodide  space  as  determined  in  nephrectomized 
rats  (Table  4).  Similar  measurements  and  calculations  indicated  that  in  0 
rats  treated  with  100  mg.  of  NaCK)4  62  ±1%  of  an  injected  radioiodide 
tracer  was  excreted  within  4  hours.  In  view  of  these  results  a  systematic 
study  of  the  effect  of  various  anions  on  the  renal  clearance  of  radioiodide 
is  called  for. 


CONCLUSIONS 

The  following  is  a  brief  synopsis  of  the  distribution  of  radioiodide  in  the 
body  of  propylthiouracil-treated  rats  and  the  effects  of  perchlorate  there¬ 
upon. 

The  thyroid  and  the  stomach  possess  iodide  pumps  which  can  be  in¬ 
hibited  by  perchlorate.  Although  iodide  concentrations  many  times  those 
of  serum  can  be  found  in  the  thyroid  and  in  gastric  juice,  the  stomach 
wall-serum  iodide  concentration  ratio  is  not  much  over  1.  There  is  no 
cogent  evidence  that  iodide  is  concentrated  within  any  cell  of  the  mam¬ 
malian  body.  The  thyroidal  iodide  concentrating  mechanism  may  trans¬ 
port  iodide  across  the  apical  membrane  of  the  thyroid  cell  into  the  colloid. 
The  presence  of  concentrated  radioiodide  in  the  follicular  lumen  has  been 
radioautographically  demonstrated  by  Pitt-Rivers  and  Trotter  (1953) 
and  Doniach  and  Logothetopoulos  (1955).  The  stagnation  of  some  gastric 
juice  with  its  highly  concentrated  iodide  in  the  canaliculi  and  glandular 
lumina  of  the  stomach  mucosa  could  fully  explain  why  the  iodide  concen¬ 
tration  of  the  stomach  wall  exceeds  that  of  serum. 

Curiously,  there  seems  to  be  no  evidence  for  the  existence,  of  a  salivary 
iodide  pump  in  the  rat.  On  the  other  hand,  the  liver  appears  to  possess  a 
mechanism  for  the  uptake  of  iodide  which  is  probably  less  efficient  than 
that  of  the  thyroid  or  even  the  gastric  wall  but  nevertheless  may  be  essen¬ 
tially  similar,  since  it  too  is  inhibited  by  perchlorate.  This  hepatic  iodide 
pump  (?)  may  also  be  concerned  with  the  transfer  of  iodide  into  the  bile 
rather  than  into  an  intracellular  compartment. 

There  is  circumstantial  evidence  for  the  existence  of  a  renal  tubular 
mechanism  concerned  with  the  active  uptake  of  iodide  from  the  glomerular 
filtrate.  This  mechanism  seems  to  be  blocked  by  perchlorate  and,  although 
less  efficiently,  also  by  chloride,  which  is  not  known  to  affect  the  iodide 
pumps  of  thyroid  and  stomach. 

When  the  iodide  concentrating  mechanisms  of  the  body  are  blocked  with 
perchlorate,  iodide  probably  diffuses  through  the  epithelial  lining  of  the 
stomach.  It  is  absorbed  from  the  small  intestine,  presumably  also  by  dif¬ 
fusion  through  the  epithelium.  It  enters  the  erythrocyte.  The  iodide  space 
of  several  organs,  including  the  perchlorate-blocked  thyroid,  is  clearly 
larger  than  their  stromal  compartment.  This  suggests  that  iodide  diffuses 
into  a  wide  variety  of  cells.  In  fact,  there  is  no  conclusive  evidence  that 
ioilide  remains  confined  to  the  extracellular  compartment  of  any  organ. 
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SUMMARY 

1.  The  liulioiodidc  spuce  of  rat  tfiyroids,  the  iodide  “trap”  of  which 
was  completely  blocked  with  sodium  perchlorate,  was  about  ‘M)%  of  the 
total  gland  volume,  whereas  the  histologically  determined  stromal  com¬ 
partment  was  approximately  10%.  This  suggests  that  radioiodide  can  dif¬ 
fuse  into  thyroid  cells.  Thyrotrophin  had  no  effect  on  the  thyroidal  radio¬ 
iodide  diffusion  space. 

2.  The  radioiodide  space  of  erythrocytes  was  approximately  80%  of 
their  water  .space.  The  radioiodide  concentration  of  plasma  was  not  sig¬ 
nificantly  different  from  that  of  serum.  Perchlorate  did  not  affect  the  dis¬ 
tribution  of  radioiodide  among  the  components  of  blood. 

8.  The  radioiodide  space  of  kidney,  lung  and  skin  was  greater  than  that 
of  the  perchlorate-blocked  thyroid,  that  of  salivary  glands,  spleen  and  liver 
about  the  same,  and  that  of  pituitary,  adrenal,  testis  and  skeletal  muscle 
smaller.  The  radioiodide  space  of  these  organs  (determined  1-1^  hours 
after  the  administration  of  the  tracer)  was  not  significantly  affected  by 
perchlorate.  It  is  suggested  that  radioiodide  diffuses  into  the  cells  of  at 
least  some  organs  other  than  the  thyroid. 

4.  The  body  radioiodide  space  of  nephrectomized  rats  treated  with 
perchlorate  increased  from  24%  of  the  body  weight  to  30%  between  1  and 
4  hours  after  the  administration  of  In  chloride-treated  controls  the 
corresponding  values  were  35%  and  74%.  The  diminution  of  the  radio¬ 
iodide  space  in  perchlorate-treated  animals  is  believed  to  be  largely  due  to 
inhibition  of  the  gastric  iodide  concentrating  mechanism. 

5.  The  liver  appears  to  pos.sess  an  iodide  compartment  which  ecpiili- 
brates  slowly  with  serum  iodide.  The  entry  of  radioiodide  into  this  com¬ 
partment  was  prevented  by  perchlorate  or  stable  iodide.  Perchlorate  dis¬ 
charged  radioiodide  from  the  compartment. 

0.  Intestinal  absorption  of  radioiodide  was  at  least  as  fast  in  perchlorate- 
treated  rats  as  in  chloride-treated  controls.  Perchlorate  appeared  more  ef¬ 
fective  than  chloride  in  enhancing  the  excretion  of  radioiodide,  presumably 
by  interfering  with  its  renal  tubular  absorption. 
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College  of  Medicine  and  the  Heart  Laboratories  of  the  Utah  State  Rheumatic 
Fever  Clinics,  Salt  Lake  City,  Utah 

CONSIDERABLP]  sspecies  differences  have  been  observed  with  regard 
to  the  types  of  hormones  secreted  by  the  adrenal  cortex  (Bush,  1951 ; 
Done,  Ely,  Raile  and  Kelley,  1952).  Among  the  common  small  laboratory 
animals  the  guinea  pig  has  an  adrenal  hormone  pattern  most  closely  ap¬ 
proximating  that  in  man.  Therefore,  in  this  laboratory  the  guinea  pig  has 
been  the  experimental  animal  employed  in  studies  of  adrenal  cortical  func¬ 
tion. 

For  certain  more  definitive  experiments  regarding  such  function,  it  is 
necessary  to  employ  hypophysectomized  or  adrenalectomized  animals. 
Hypophysectomy  and  adrenalectomy  in  the  guinea  pig  have  been  employed 
only  uncommonly  in  the  past  because  of  the  technical  difficulty  of  these 
procedures.  The  purpose  of  this  communication  is  to  describe  these  tech¬ 
nics,  with  certain  modifications  which  make  them  satisfastory  for  routine 
use  in  the  experimental  lal)oratorj',  and  to  present  certain  studies  of  the  ef¬ 
fect  of  these  procedures  on  plasma  17-hydroxycorticosteroid  (17-OHC'S) 
concentrations  in  guinea  pigs. 

M.\TERIAL  AND  METHODS 

At  the  time  of  obtaining  l)lood  samples  Kuiiiea  i)igs  were  lapidly  aiiestlietized  in  an 
ethyl  ether  atmosphere  and  blood  was  drawn  from  the  abdominal  aortas  int(.  heparinized 
syiinges.  Plasma  samjdes  were  sei)arated  by  centrifugation  and  stored  frozen  until  used 
for  determination  of  17-()H('S  by  the  method  of  Nelson  and  Samuels  (1952)  as  modified 
l)y  Kik-Nes,  Nelson  and  Samuels  (19.53). 
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Plasma  t7-()lf(’S  in  small  vs.  large  inlact  guinea  pigs 

Kiiily  in  tho  coursp  of  tlicsp  studios  it  was  ol)sc'i  v(‘il  that  the  plasma  l7-OH(*S  con¬ 
centrations  in  intact  small  Kuinea  ])iKs  were  considerably  higher  tlian  those  in  large 
animals.  Table  1  compares  the  values  observed  in  these  two  groups.  In  small  guinea 
pigs  (150-300  gm.)  the  mean  17-OHCS  concentration  was  109  +  18.5  mS-%-  H'C  larger 
animals  (450-1200  gm.)  it  was  36  ±3.5  pf'%.  Within  the  latter  group  there  was  no 
apparent  correlation  between  weight  of  the  animal  and  steroid  concentration. 


TaBI.E  1.  Pl.ASMA  17-OHCS  IX  Ol’IXEA  Plus 
(Relationship  to  weight  of  animals) 


0  roup 

Weight  (gm.) 

i 

No. 

Plasma  G-OHC'S 
(Mg.%) 

Mean  S.F.M. 

barge 

450-1200 

25 

36  ±3.0 

Small 

150-  300 

i  8 

100  ±18.5 

P<0.01 

Technic  for  adrenalectomy  in  guinea  pigs 

To  facilitate  exposure  of  the  adrenal  glands,  the  guinea  pigs  are  fasted  for  12-24 
hours  before  operation;  otherwise  the  distended  intestines  interfere  with  visualization 
of  the  operative  field.  The  adrenal  glands  are  approached,  under  sterile  technic,  by  the 
donsal  route  as  in  the  standard  adrenalectomy  procedure  for  the  rat.  A  transverse  skin 
incision  is  made  at  the  level  of  the  costovertebral  angles.  For  removal  of  the  right  adrenal 
gland,  the  abdominal  cavity  is  entered  by  an  incision,  as  close  to  the  costal  margin  as 
|)ossible.  extending  anteriorly  from  the  heavy  longitudinal  back  muscles,  and  just  large 
enough  to  permit  the  introduction  of  a  ma.stoid  retractor.  The  incision  is  enlarged  by 
opening  the  mastoid  retractor  fully,  which  fixes  it  in  jilace;  this  allows  upward  tension 
to  be  exerted  on  the  retractor  by  a  strong  rubber  band  attached  to  a  fixture  above  the 
operative  field.  Such  suspension  permits  the  abdominal  contents  to  drop  ventrally  and 
jirovides  adequate  visualization  for  removal  of  the  gland.  Illumination  is  jirovided  by 
a  head-lamp. 

Anatomically,  the  right  adrenal  gland  is  attached  by  reflections  of  the  jieritoneum 
posteriorly  and  superiorly  to  the  diaphragm,  anteriorly  and  sujieriorly  to  the  liver,  and 
inferiorly  to  the  ujiper  pole  of  the  kidney;  medially  it  is  in  juxtajiosition  to  the  inferior 
vena  cava.  With  a  curved  mosquito  forceps  the  adrenal  gland  ami  kidney  are  retracted 
caudally.  The  iieritoneal  reflections  to  the  liver  and  diaphragm,  now  under  tension,  are 
dissected  away  with  a  strabismus  scissors,  freeing  the  adrenal  down  to  the  vena  cava. 
The  gland  then  is  retracted  away  from  the  kidney,  allowing  sharp  dissection  along  the 
infeiior  side  about  two  thirds  of  the  distance  to  the  vena  cava.  The  adrenal  iiedicle  is 
clamiied  with  a  small  neurosurgical  silver  clip  (3-5  mm.)  and  the  dissection  is  continued 
lietween  the  clij)  and  gland  toward  the  vena  cava.  The  adrenal  gland  is  now  free  excejit 
for  the  portion  which  is  contiguous  with  the  wall  of  the  vena  cava.  Because  of  this 
proximity  of  the  gland  to  the  ve.s.sel,  dissection  between  the  two  frequently  results  in 
rupture  of  the  vessel  wall  and  exsanguination.  The  hazards  involved  at  this  point  are 
reduced  by  clamping  a  large  neurosurgical  silver  clip  (6-8  mm.)  very  tightly  at  the  pe- 
rijihery  of  the  adrenal  gland  and  longitudinally  along  the  vena  cava,  as  jneviously  em- 
jiloyed  for  adrenalectomy  in  rabbits  (Good  and  Good,  unpublished;  Good  and  Thomas, 
19.54).  In  some  instances  this  involves  impingement  upon  the  wall  of  the  vena  cava 
with  narrowing  of  its  lumen.  The  gland  now  is  removed  intact  by  sharp  dissection. 
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At  all  times  care  is  taken  to  dissect  as  closely  to  the  <?land  as  possible  without  ruptur- 
iiiR  the  capsule.  Because  of  the  delicacy  of  the  procedure  it  is  e.ssential  to  keep  the  field 
clear  by  controlling  the  blecdin}>;  from  small  vessels  with  cotton  apjjlicator  swabs.  The 
left  adrenal  ^land,  which  presents  less  difficulty,  is  removed  in  a  similar  manner  except 
that  the  last  step,  usinK  the  lar}j;e  clij),  is  unnecessary. 

Ejlfect  of  adrcnalccloin!/  on  plasma  17-OH(\S 

Table  2  shows  the  elTects  of  adrenalectomy  on  plasma  17-OHCS  concen¬ 
trations  in  guinea  pigs.  In  animals  weighing  350  to  450  gm.  sodium  pento¬ 
barbital®  (3  mg.  100  gm.  body  weight)  was  administered  intraperitoneally 
as  the  anesthetic  agent.  Immediately  following  adrenalectomy  each  animal 
was  given  20  cc.  normal  saline  hypodermically,  and  0.3  cc.  of  penicillin- 
streptomycin  suspension’  I.M.  Twenty-four  hours  after  adrenalectomy  the 
animals  were  sacrificed  and  plasma  17-()HCS  concentrations  were  deter¬ 
mined.  As  indicated  in  Table  2  these  concentrations  consistently  were  zero 
in  the  adrenalectomized  animals. 


T.^ble  2.  Effect  of  adrenalectomy  and  of  hycochysectomy  on  plasma  17-OHCS 

IN  r.UINBA  PIG 


Adrenalectomy  j 

Hypophyseetoniy 

17-OHCS 

Weight 
(gni.)  1 

I.Arge  1 

1  Small 

Group 

No. 

No.  j 

i 

Weight 
(Rm.)  1 

17-OHCS 

(ag.%) 

No. 

1 

Weight 

17-OHCS 

(ag.%) 

1  jMean; 

S.E.M. 

1 

Mean]  S.E.M. 

Mean  S.E.M. 

Intapt  Control 

25 

450-1200  .36 

±3.5 

1  25 

450^1200 

36  '  ±3.5 

8 

150-300 

109  i  ±18.5 

24  Hours  after 
Operation 

5 

.350-  450  1  0 

±0.0 

i 

500-1000 

1  8  !  ±1.6 

12 

150-.300 

8  1  ±  2.0 

Ilypophysectomy  technic  in  guinea  pigs 

Hypojihysectomy  in  the  guinea  pig,  although  described  in  1933  by  McPhail  and 
Parkes,  has  been  a  procedure  largelj’  abandoned  because  of  its  technical  difficulties  and 
high  mortality  rate.  These  difficulties  were  circumvented  satisfactorily  in  the  earh' 
stages  of  these  studies  by  employing  young  guinea  pigs  (150-300  gm.).  After  considerable 
experience  had  been  achieved  in  hypophysectomizing  small  guinea  pigs  and  certain 
modifications  in  the  procedure  described  by  McPhail  and  Parkes  (1933)  had  been  intro¬ 
duced,  it  was  possible  to  use  the  technic  in  larger  animals  with  mortality  of  about  25%. 

The  parapharyngeal  approach  described  by  McPhail  and  Parkes  was  used.  A  trache¬ 
otomy  tube  constructed  from  a  size  18  short-bevel  needle,  bent  in  the  shape  of  a  U,  is 
inserted  into  the  trachea  through  a  tracheotomy  made  a  distiance  of  approximately  five 
tracheal  rings  below  the  lar\’nx.  This  facilitates  the  admini.stration  of  anesthesia  and 
helps  prevent  obstruction  of  the  airway  during  the  operation.  The  vital  structures  and 
anterior  straj)  musculature  of  the  neck  at  the  level  of  the  larynx  are  spread  with  a  blunt- 
tipped  retractor  fashioned  from  a  simple  curved  thumb-forceps.  This  expo.ses  the  deep 
jiaired  anterior  vertebral  muscles,  which  are  followed  forward  to  their  insertions  on  the 
basioccipital  and  liasisphenoid  portions  of  the  skull.  The  posterior  superior  reflections 
of  the  pharyngeal  musculature  originating  on  the  basisphenoid  also  can  be  identified. 


Yeterinary  nembutal  solution,  Abbott  (R),  .05  cc./lOO  gm.  body  weight. 
Containing  200,000  units  procaine  penicillin  and  0.25  gm.  streptomycin  per  cc. 
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By  careful  dissection  with  a  periosteal  elevator  the  attachments  of  these  vertebral  and 
pharyngeal  muscles  to  the  basisphenoid  and  basioccipital  bones  are  separated  enough 
to  exj>ose  the  suture  line  and  an  area  about  5  mm.  anterior  to  it. 

This  suture  line  is  used  as  the  landmark  for  trephining.  A  number  1 1  dental  <lrill  is 
used  to  make  a  burr  hole  in  the  midlinc  of  the  basisphenoid  bone,  a])proximately  2  to  5 
mm.  anterior  to  the  suture  line,  depending  upon  the  animal’s  size.  With  the  guinea  jug 
l>ositioned  so  that  its  nose  is  toward  the  operator,  the  basisphenoid  bone  is  at  an  angle 
downward;  this  must  be  remembered  and  (tare  taken  that  the  hole  is  drilled  iKtrpendicular 
to  the  bone  surface.  If  the  hole  is  not  centered,  or  is  too  far  posteriorly,  massive  hemor¬ 
rhage  is  likely  to  occur  because  of  rupture  of  the  cavernous  sinuses  which  cour.se  along 
each  side  of,  and  communicate  behind,  the  pituitarj’  gland.  When  the  drill  hole  is  proj)- 
erly  placed  the  two  anterior  lobes  of  the  pituitary  can  be  identified  and  removed  by 
suction.  The  large  posterior  lobe  and  stalk  usually  are  removed  at  the  same  time.  A 
layer  of  dura,  i)enetrated  only  by  the  stalk  of  the  pituitary,  separates  the  pituitary  from 
the  brain  and  prevents  injur\'  to  the  latter  unless  excessive  suction  is  used.  Hemorrhage 
from  the  trephine  hole  is  stopped  with  a  cotton  tip{)ed  applicator;  it  is  not  neces.sary 
to  use  bone  wax.  The  skin  is  closed  with  clips  and  the  tracheotomy  tube  is  left  in  place. 

Mortality  from  the  procedure  is  caused  by  hemorrhage,  excessive  anesthesia,  brain 
injury,  or  respiratorj'  complications.  With  careful  technic  an  experienced  operator  usu¬ 
ally  will  have  no  difficulty  with  the  first  three  factors.  The  most  common  serious  compli¬ 
cations  of  this  procedure  are  respiratory  in  nature,  consisting  of  either  obstruction  or 
infection.  The  authors  feel  that  one  of  the  causes  of  high  post-operative  mortality  is  the 
obstruction  which  results  from  tearing  the  posterior  pharyngeal  musculature.  This  diffi¬ 
culty  usualh’  can  be  obviated  by  careful  elevation  of  these  muscles,  without  severing 
them,  in  exposing  the  suture  line  of  the  basisphenoid  and  basioccipital  bones.  As  dis¬ 
cussed  by  McPhail  and  Parkes  (1933),  accumulation  of  secretions  in  the  respiratory 
tract  may  produce  either  obstruction  or  infection,  and  accounts  for  a  considerable  pro¬ 
portion  of  the  respiratory  complications.  Tracheotomy  reduces  this  problem  consider¬ 
ably.  The  tracheotomy  is  made  as  small  as  possible  eliminating  the  need  to  close  it  after 
the  cannula  is  removed.  The  duration  of  ane.sthesia  is  as  brief  as  po.ssible  and  the  trache¬ 
otomy  cannula  is  left  in  place  until  the  animal  has  recovered. 

Effects  of  hypophysectomy  on  plasma  17-OHCS 

Effects  of  hypophysectomy  on  plasma  17-OHCS  concentrations  in  both 
small  and  large  guinea  pigs  are  shown  in  Table  2.  The  animals  in  this  ex¬ 
periment  were  hypophysectomized  rapidly  under  drop  ether  anesthesia. 
The  plasma  17-OHCS  concentrations  24  hours  after  hypophysectomy  were 
decreased  to  low  values  in  both  groups.  For  18  large  animals  the  mean 
value  was  8+1.6  Mg.%  and  for  12  small  animals,  8  +  2.0  /xg.%.  In  contrast 
to  the  uniformly  undetectable  17-OHCS  values  after  adrenalectomy,  only 
4  of  30  animals  had  zero  17-OHCS  values  24  hours  after  hypophysectomy. 

Effect  of  time  interval  post-hypophysectomy 

In  this  experiment  small  guinea  pigs,  weighing  150-300  gm.  were  hy¬ 
pophysectomized  rapidly  under  drop  ether  anesthesia.  The  animals  were 
sacrificed  at  various  time  intervals  following  hypophy.sectomy  and  plasma 
17-OHCS  concentrations  were  determined.  These  data  are  presented  in 
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Tablk  3.  Plasma  17-OHCS  in  guinea  pigs  at  different  times 

FOLLOWING  HYPOPHYSECTOMY 


Adequacy  of  hypophysectomy 


(Jroup 

No “TAG” 

“TAG” 

1 

Xu. 

Plasma 

17-OHCS  (Mg.%) 

No. 

Plasma 

17-OHCS  (Mg.%) 

Mean 

S.E.M. 

Mean 

S.E.M. 

('ontrol 

8 

109 

+  18.5 

_ 

_ 

2  hr.  p  hvpox. 

12 

71 

+  9.7 

10 

I 

±17.5 

()  hr.  p  hvpox. 

8 

19 

+  6.4 

8 

!  171 

+  24.4 

12  hr.  p  hvpox. 

8 

14 

+  2.9 

2 

i  71 

— 

24  hr.  p  hypox. 

12 

8 

+  2.0 

— 

— 

— 

48  hr.  p  hypox. 

8 

11 

±  3.4 

5 

!  135 

+  37.6 

Table  3  and  illustrated  in  Figure  1.  In  animals  with  complete  hypophysec¬ 
tomy  the  plasma  17-OHCS  concentrations  decreased  rapidly  during  the 
first  6  hours  after  operation  and  thereafter  more  slowly,  with  no  essential 
difference  in  the  values  at  12,  24  or  48  hours.  In  contrast,  in  the  animals 
with  pituitary  “tags”  remaining  at  autopsy  the  plasma  17-OHCS  concen¬ 
trations  did  not  decrease  during  the  48  hour  period  following  hypophysec¬ 
tomy.  The  variability  in  steroid  concentration  was  great  in  these  animals, 
some  of  them  exhibiting  rather  extreme  elevations  of  plasma  17-OHCS 
concentrations,  presumably  as  a  reflection  of  the  “stress”  of  the  surgical 
procedure. 

Response  of  hypophysectomized  animals  to  ACTH 

Table  4  shows  the  plasma  17-OHCS  and  adrenal  ascorbic  acid  responses 
to  ACTH  in  small  guinea  pigs  48  hours  after  hypophysectomy.  In  the  hy¬ 
pophysectomized  controls  the  mean  plasma  17-OHCS  concentration  was 
11  Mg-%,  and  2  hours  after  ACTH  it  was  71  Mg-%-  Simultaneously  the 
adrenal  ascorbic  acid  concentration  decreased  from  212  to  82  mg./lOO  gm. 
adrenal.  Hence,  adequate  adrenal  cortical  secretory  responses  to  ACTH 
stimulation  occurred  in  these  animals. 


Table  4.  Response  of  hypophysectomized  guinea  pigs  to  AC'TH 


(48  Hours  after  hypophysectomy) 


Group 

No. 

Weight 

(gm) 

Plasma  17-OHCS 

(Mg.%) 

Adrenal  ascorbic  acidf 
(mg./lOO  gm.  .Adrenal) 

Mean  |  S.E.M. 

Mean 

S.E.M. 

Hvpox.  ('ontrol 

T  ACT  ID 

8 

4 

1.50  300 

1.50  300 

II  1  ±3.4 

71  1  ±3.6 

212 

82 

+1  +1 

1 

P=  <0.01 

P  = 

<0.01 

*  2  hours  after  5  i.u.  ACTH,  I.M. 
t  Method  of  Roe,  J.  H.  and  Kuether,  C.  A.  (1943). 
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Fig.  1.  Comparison  of  effects  of  complete  and  incomplete  hyimphysectomy  on 
])lasma  17-OHCS  in  guinea  pigs. 

Effects  of  anesthesia  on  plasma  17-OHCS 

For  certain  purposes  it  is  desirable  that  hypophysectomy  be  performed 
using  sterile  technic.  However,  .since  the  animal  must  be  anesthetized  for 
purposes  of  sterile  preparation  of  the  skin  and  draping  and  since  the  actual 
operative  procedure  requires  more  time  when  done  under  sterile  technic, 
the  anesthesia  must  be  prolonged  considerably.  Table  o  shows  the  effect 
of  different  types  of  anesthesia  on  the  plasma  17-()HCS  concentrations  in 
large  guinea  pigs  24  hours  after  hypophy.sectomy.  \\’hen  prolonged  ether 
anesthesia  (45-70  minutes)  was  used,  extreme  elevations  of  plasma  17- 
OHCS  concentrations  were  found  24  hours  after  operation.  In  contrast, 
when  brief  ether  anesthesia  (10-15  minutes)  was  used,  for  the  more  rapid, 
non-sterile  operation,  very  low  17-OHCS  concentrations  were  found  at  24 
hours.  Also,  when  sodium  pentobarbital  was  used  for  prolonged  anesthesia 
(3-4  hours)  the  17-OHCS  values  24  hours  after  operation  were  very  low. 


Tabi.e  ."i.  Effect  of  anesthesia  on  pi.asma  17-()H('S  24  hoi  rs 

FOI.I.OWING  HYPOPHYSECTOMY 


1 

Plasma  17-()HCS  (mK  %)* 

.\ncsthcsia  for  HvpophvsiM-toniv 

No.  1 

-  . 

.Mean 

S.E..M. 

J'lther  (rapid 

18 

8 

+  1.6 

Ether  (prolonged) 

1) 

175 

+  45.6 

Pentoliarhital 

4 

i  ■ 

+  2.3 

Controls 

25 

36 

±  3.0 

*  V'alues  24  hours  after  hypophysectoinj-. 
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DISCUSSION 

The  similar  pattern  of  adrenal  cortical  steroid  production  by  the  guinea 
pig  and  by  man  has  prompted  use  of  the  former  for  experimental  studies  of 
adrenal  function.  As  demonstrated  by  data  presented  here  the  circulating 
concentration  of  17-OHCS  in  guinea  pigs  depends  upon  the  size,  and  pre¬ 
sumably  the  age,  of  the  animals.  This  must  be  remembered  in  evaluating 
the  results  of  studies  concerning  adrenal  cortical  function  in  these  animals. 

Interpretation  of  data  obtained  in  the  intact  animal  concerning  adrenal 
cortical  function  is  subject  to  certain  limitations  because  of  the  regulatory 
role  of  the  anterior  hypophysis  upon  this  function.  The  development  of  a 
satisfactory  technic  for  hypophysectomy  in  the  guinea  pig  permits  use  of 
this  animal  in  experiments  designed  to  evaluate  such  influence.  Similarly, 
a  .satisfastory  technic  for  adrenalectomy  allows  further  investigation  of 
corticosteroid  metabolism  in  this  animal  without  the  interference  of  con¬ 
tinued  steroidogenesis. 

In  adrenalectomized  guinea  pigs  the  plasma  17-OHCS  concentrations 
decreased  to  zero  within  24  hours  after  operation.  However,  in  the  hypophy- 
sectomized  animals,  although  these  concentrations  decreased  rapidly 
during  the  first  few  hours  after  surgery,  they  appeared  to  stabilize  at  a  low 
level.  This  is  in  conformity  with  previous  observations  of  De  Gurpide 
(1953)  and  of  Sweat  and  Farrell  (1954)  in  the  hypophysectomized  dog.  Sim¬ 
ilar  observations  have  been  reported  by  Macchi  and  Hechter  (1954)  in  the 
perfusates  of  extirpated  beef  adrenal  glands  after  removal  of  ACTH  from 
the  perfusion  medium. 

The  elevated  plasma  17-()HCS  concentrations  in  the  animals  in  which 
pituitary  “tags”  were  found  at  autopsy  indicate  that  a  small  residual 
amount  of  anterior  hypophyseal  tissue  is  capable  of  exerting  a  profound 
adrenal  cortical  stimulation;  therefore  it  is  important  that  each  animal  be 
autopsied  carefully  to  determine  whether  a  pituitary  “tag”  is  present. 

The  degree  of  steroid  response  to  ACTH  administered  48  hours  after 
hypophysectomy  suggests  that  such  an  experimental  model  may  provide  a 
practical  method  for  assaying  the  steroidogenic  activity  of  ACTH  in  blood. 
This  is  particularly  interesting  in  view  of  recent  reports  which  indicate, 
at  least  under  certain  circumstances,  that  a  poor  correlation  exists  between 
the  adrenal  ascorbic  acid  depleting  and  steroidogenic  activities  of  ACTH 
(Done,  Ely,  Heiselt  and  Kelley,  1952;  Liddle,  Island,  Rinfret  and  Forsham, 
1954).  .Although  adrenal  ascorbic  acid  depletion  technics  for  ACTH  assay 
are  the  best  available  at  the  present  time  (Paris,  Upson,  Sprague,  Salassa 
and  Albert,  19.54),  a  technic  directly  measuring  steroidogenesis  would  be 
preferable.  The  possibility  of  developing  such  a  technic  employing  the  hy¬ 
pophysectomized  guinea  pig  is  being  inv’estigated. 

The  data  presented  suggest  that  the  type  and  duration  of  anesthesia 
used  for  hypophysectomy  influences  profoundly  the  17-OHCS  concentra¬ 
tions  24  hours  after  operation.  Following  brief  ether  anesthesia  as  em¬ 
ployed  for  hypophysectomy  with  non-sterile  technic  the  plasma  17-OHCS 
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concentrations  24  hours  after  operation  uniformly  were  low.  However,  fol¬ 
lowing  prolonged  ether  anesthesia  (45-70  minutes),  as  required  for  hy- 
pophysectomy  with  sterile  technic,  these  values  were  grossly  elevated.  On 
the  other  hand  following  hypophysectomy  with  sterile  technic  under  pro¬ 
longed  anesthesia  with  pentobarbital  such  elevations  were  not  apparent. 
Since  it  is  known  that  in  the  presence  of  liver  damage  the  half-life  of  hydro¬ 
cortisone  is  lengthened  (Brown,  Willardson,  Samuels  and  Tyler,  1954),  it 
seems  possible  that  prolonged  ether  administration  produced  hepatic  dam¬ 
age  in  these  animals  sufficient  to  account  for  the  elevated  17-OHCS  con¬ 
centrations  24  hours  after  operation  whereas  no  such  damage  occurred  in 
the  animals  anesthetized  with  pentobarbital  or  exposed  only  briefly  to 
ether.  Unfortunately  the  livers  of  the  animals  were  not  examined  micro¬ 
scopically. 

SUMMARY 

A  detailed  techniejue  for  adrenalectomy  and  hypophysectomy  in  guinea 
pigs  is  described  and  the  factors  which  cause  operative  failure  are  dis¬ 
cussed.  The  influence  of  pituitary  or  adrenal  extirpation  on  circulating 
plasma  17-OHCS  in  small  and  large  guinea  pigs  is  presented. 

The  plasma  17-OHCS  concentrations  fall  to  zero  values  within  twenty- 
four  hours  following  adrenalectomy.  After  hypophysectomy  a  rapid  de¬ 
crease  in  the  plasma  17-OHCS  concentration  results  during  the  first  few 
hours  post-operatively.  However,  these  concentrations  do  not  decrease  to 
zero,  but  “plateau”  at  a  low  level.  It  was  found  that  prolonged  ether  an¬ 
esthesia  for  the  hypophysectomy  procedure  results  in  elevated  17-OHCS 
concentrations  twenty-four  hours  after  operation.  Brief  ether  anesthesia 
or  anesthesia  with  pentobarbital  does  not  cause  such  elevations. 
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VARIATIONS  IN  SENSITIVITY  OF  OVARIECT(TMIZEI) 
(;UINEA  PIOS  TO  RELANIN^ 

MATTHEW  W.  NOALL-’  and  EDWARD  H.  FRIEDEN 

Arthritis  Research  Laboratory,  the  Boston  Dispensary  and  the  Cancer  Research  and 
Cancer  Control  Unit,  Department  of  Surgery,  Trifts  University 
School  of  Medicine,  Boston,  Massachusetts 

IN  THE  course  of  routine  relaxin  assays  performed  in  this  laboratory 
during  the  past  two  years,  it  was  observed  that  the  guinea  pigs  which 
composed  the  assay  colony  exhibited  reproducible  variations  in  their  sen¬ 
sitivity  to  relaxin.  A  detailed  study  of  these  phenomena  and  their  relation¬ 
ship  to  reliable  assay  performance  has  been  made. 

METHODS  AND  RESULTS 

The  assay  procedure  generally  followed  that  of  Abramowitz  et  al.  (1944),  as  modified 
l)\'  Frieden  and  Hisaw  (1950).  Ovariectomized  guinea  pigs  were  treated  with  1  /ig.  es¬ 
tradiol  17-/3  daily  for  four  tiays.  On  the  fifth  day  the  animals  were  palpated  and  those 
which  exhibited  significant  mobility  of  the  symphysis  pubis  were  dismissed  from  con¬ 
sideration  in  the  assay.  Piach  guinea  pig  of  a  group  of  8  to  12  was  given  a  subcutaneous 
injection  of  1  cc.  of  saline  solution  of  the  test  material  and  palpated  6  hours  later.  The 
results  were  expressed  in  terms  of  “total  response,”  in  the  calculation  of  which  the  in¬ 
tensity  of  response  of  each  animal,  as  well  as  the  percentage  of  animals  of  each  group 
which  respond,  is  included  (Frieden  and  Hisaw,  1950).  A  value  of  120  for  the  total  re¬ 
sponse  defines  1  guinea  pig  unit  (GPU).  Following  the  assay,  each  group  was  rested  for 
one  week  before  estrogen  treatment  was  initiated  preparatory  for  another  assay. 

Groups  of  20  to  40  young  (300-3,50  gm.)  guinea  pigs  were  added  to  the  assay  colony 
one  to  three  weeks  after  ovariectomy.  Each  group  thereafter  constituted  an  independent 
sulxlivision  of  the  assay  colony,  and  remained  segregated  during  its  useful  life  span. 

Response  Pattern. — If  the  sen.sitivity  to  relaxin  of  such  a  group  of  guinea 
pigs  is  tested  at  intervals  during  the  ensuing  .six  months,  a  characteristic 
pattern  is  observed.  The  response  to  the  first  test  dose  of  relaxin  is  invaria¬ 
bly  slight,  but  increases  rapidly  on  successive  assays,  generally  reaching  a 
maximum  at  the  second  or  third  test  dose.*  This  .sensitivity  is  maintained 
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®  The  rapidity  with  which  maximum  sensitivity  is  reached  appears  to  depend  upon 
the  length  of  time  which  is  allowed  to  elapse  between  ovariectomy  and  the  first  priming 
dose  of  estrogen.  Thus,  maximum  sensitivity  was  observed  at  the  second  test  dose  of 
relaxin  when  animals  were  introduced  into  the  colony  one  week  after  ovariectomy.  When 
a  lapse  of  five  weeks  occurred,  however,  the  appearance  of  a  maximum  response  was  de¬ 
layed  to  the  fifth  or  sixth  test  does.  This  phenomenon  is  probably  related  to  the  extent 
of  ossific.ation  of  the  symi)hysis  which  occurs  in  the  ab.sence  of  estrogen. 
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(luring  several  subsequent  assays,  after  which  a  decline  in  responsiveness 
sets  in.  The  onset  and  rate  of  decline  varies  considerably  between  groups. 
Table  1  lists  typical  data  showing  changes  in  .sensitivity  of  repre.sentative 
groups  of  animals.  (Iroup  III  was  castrated  at  the  end  of  October,  intro¬ 
duced  into  the  colony  in  early  December,  and  suffered  progressive  loss 
in  .sensitivity  beginning  sometime  between  February  and  April.  Groups 
IV  and  V  ran  similar  courses  in  3  and  4|  months  respectively.  It  should 
be  noted  that  the  lo.ss  of  .sensitivity  indicated  in  Table  1  may  not  simply 
be  assigned  to  increased  body  size.  For  example,  between  December  and 
May,  Group  III  approximately  doubled  in  average  weight ;  its  sensitivity 
to  relaxin,  however,  decreased  more  than  8-fold. 


Table  1.  Effect  of  repeated  i.vjections  lpon  sensitivity  of  gi  i.nea  pigs  to 

RELAXIN  PREPARATIONS 


CJuinea 

pig 

group 

Preparation 

Assay*  date 

Dose,  fig. 

Per  cent 
response 

Total 

response 

III 

MX-4 

12/30/54 

40 

78 

125 

MX-4 

1/14/55 

40 

78 

125 

123-1 

1  /28/55 

50 

72 

116 

123-1 

4/22/55 

100 

68 

110 

123-1 

5/  6/55 

200 

56 

85 

123-1 

6/30/55 

200 

29 

20 

IV 

123-1 

4/28/55 

50 

94 

200 

123-1 

5/27/55 

50 

72 

115 

123-1 

6/10/55 

50 

61 

73 

123-1 

6/16/55 

100 

50 

65 

124-1 

6/24/55 

100 

75 

135 

124-1 

7/15/55 

150 

38 

30 

MX-4 

3/25/55 

40 

95 

198 

MX-4 

4/22/55 

40 

78 

163 

123-1 

6/16/55 

100 

100 

220 

123-1 

6/30/55 

50 

72 

123 

123-1 

7/22/55 

100 

38 

30 

MX-4 

100 

63 

75 

*  Each  group  of  animals  was  used  for  assay  at  intervals  of  two  weeks.  Where  greater  inter- 
v.'ils  are  indicated,  other  preparations  than  those  included  above  were  assayed. 


The  development  of  a  refractory  state  in  one  group  of  assay  animals  is 
strikingly  shown  in  Figure  1,  in  which  are  plotted  do.se-response  curves  for 
a  single  relaxin  preparation  at  intervals  during  a  six-month  period.  It  is 
clear  that  the  loss  of  sensitivity  is  a.ssociated  with  relative  inability  of  all 
but  a  few  animals  to  respond,  no  matter  what  do.se  is  given,  i.e.,  most  of 
the  guinea  pigs  are  in  a  refractory  condition  rather  than  in  a  state  of  re¬ 
duced  sensitivity. 

Similar  data  were  obtained  with  another  group  of  31  guinea  pigs,  this 
time  using  a  relaxin  preparation  derived  from  pregnant  rabbit  serum.  On 
October  20,  1953,  near  the  end  of  its  useful  life,  55%,  or  17  of  the  group 
were  found  to  relax  in  response  to  the  administration  of  0.25  mg.  (1  GPU) 
of  pregnant  rabbit  serum  preparation.  One  month  later  the  proportion  of 
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those  responding  to  the  same  dose  of  the  preparation  was  less  than  40%, 
and  no  significant  increase  in  response  was  obtained  when  the  amount  in¬ 
jected  was  increased  4-fold.  The  refractory  state  was  shown  to  persist  for 
at  least  six  weeks,  even  though  uo  estrogen  or  relaxin  was  admiuistered 
in  the  interim. 

Possible  Mechanisms  of  Resistance.  --  Two  possible  mechanisms  of  the 
loss  of  sensitivity  have  been  explored.  The  first  was  the  possibility  that  the 
apparent  decrease  in  relaxin  sensitivity  was  in  fact  due  to  an  increased 
estrogen  requirement,  since  the  response  to  relaxin  depends  upon  e.strogen 
conditioning  of  the  symphysis.  However,  no  increase  in  responsiveness 
could  be  demonstrated  in  a  refractory  group  when  the  amount  of  estrogen 
administered  was  increased  twenty-fold. 


Fig.  1.  Response  of  guinea  pigs  of  group  III  to  relaxin  jireparation  123-1  at 
intervals  during  six  months. 

A  second  possible  mechanism  involved  the  formation  of  a  specific  anti- 
relaxin  antibody  in  the  blood  of  resistant  animals. 

Two  pools  of  guinea  pig  serum  were  collected,  one  from  relaxin-sensitive 
pigs  and  the  other  from  a  group  of  relaxin-resistant  animals.  These  .sera 
w’ere  mixed  with  dilutions  of  relaxin  preparation  123-1,  the  concentrations 
ranging  from  0  to  5  mg.  relaxin  per  cc.  of  serum.  Precipitates  appeared  only 
in  the  tubes  containing  mixtures  of  relaxin  and  serum  from  resistant  guinea 
pigs,  the  maximum  precipitation  occurring  in  the  tube  corresponding  to 
0.5  mg.  relaxin  per  ml.  of  serum.  Fresh  samples  of  the  two  sera  were  then 
incubated  with  0.5  mg.  of  relaxin  per  cc.  of  serum  as  described,  centrifuged 
and  the  supernatants  assayed  for  relaxin  activity.  Both  .sera  showed  relaxin 
titers  that  would  be  expected  for  the  amount  of  relaxin  added.  It  would 
thus  appear  that  the  mechanism  of  the  acquired  resistance  to  relaxin  can¬ 
not  be  explained  on  the  basis  of  a  simple  antibody  formation. 


002 


XOAl.L  AND  FUIKDKN 


Volume  oS 


DIS('USSIO.\ 

The  first  attempt  to  measure  the  response  of  guinea  pigs  to  relaxin  in  a 
semi-(juantitativc  fashion  was  made  by  Fevold,  Hisaw  and  Meyer  (1980). 
They  defined  a  unit  as  the  minimum  amount  which,  when  injecte<l  into 
guinea  pigs  in  full  estrus,  would  cause  definite  loosening  of  the  pelvic  liga¬ 
ments  within  10-12  hours.  In  1944,  Abramowitz  et  al.  developed  a  more 
quantitative  assay  procedure  after  an  extensive  study  of  the  factors  affect¬ 
ing  the  response.  They  introduced  the  use  of  castrated  estrogen-primed 
guinea  pigs,  and  recorded  the  percentage  of  animals  found  definitely  to  be 
relaxed.  Apparently,  neither  group  of  workers  encountered  consistent 
losses  in  responsiveness  upon  repeated  relaxin  injections. 


Fig.  2.  Response  to  relaxin  preparation  MN-4  of  two  groujis  of  guinea  pigs  when 
each  was  maximally  sensitiv'e.  ( — A —  Group  III;  — O —  Group  IV.) 


The  usual  laboratory  practice  in  performing  relaxin  assays  has  been  to 
introduce  new  guinea  pigs  (after  two  priming  courses  of  estrogen  and  re¬ 
laxin)  into  the  colony  in  a  manner  designed  to  assure  their  even  distribu¬ 
tion  among  all  groups.  Older  animals  were  retired  from  the  colony  only 
when  extensive  tissue  deposits  around  the  symphyses  made  palpation  dif¬ 
ficult.  Thus  a  test  group  of  animals  might  be  composed  to  individuals  of 
various  ages  and  assay  histories,  whose  weights  might  vary  between  300 
and  800  gm.  It  is  apparent  from  the  results  detailed  above  that  the  sudden 
addition  of  a  relatively  large  number  of  fresh  guinea  pigs  to  an  assay  colony 
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may  result  in  successive  assays  being  performed  with  groups  of  substan- 
stanially  different  sensitivities.  Thus,  considerable  error  might  be  intro¬ 
duced  in  the  comparison  of  one  preparation  with  another,  or  in  replicate 
assays  of  a  single  preparation.  It  would  appear  that  quantitative  e.stimates 
of  relaxin  concentrations  can  reliably  be  made  only  with  animals  which 
are  subjected  to  frequent  standardization.^  The  latter  should  include  de¬ 
termination  of  group  .sensitivity  as  well  as  assurance  that  a  do.se-response 
curve  of  satisfactory  positive  slope  can  be  obtained. 

Modified  Assay  Procedure  and  a  Proposed  Relaxin  Standard. — A  guinea 
pig  unit  of  relaxin  was  originally  defined  as  the  quantity  which,  under  the 
prescribed  assay  conditions,  will  produce  “unquestionable  symphyseal 
mobility”  in  f  of  a  group  of  8-12  guinea  pigs  (Abramowitz  et  al.,  1944). 
Later,  the  assay  was  modified  to  include  an  asse.ssment  of  the  degree  of  re¬ 
sponse  of  each  animal.  Our  results  suggest  that  this  definition  should  be 
further  qualified  to  include  either  specification  of  previous  assay  history 
or  the  direct  comparison  in  the  same  group  of  animals,  with  a  standard 
relaxin  preparation. 

The  peak  sensitivity  of  different  groups  of  guinea  pigs  appears  to  be 
remarkably  uniform,  as  evidenced  by  the  data  of  Figure  2.  Here  are  re¬ 
corded  the  results  of  assays  of  relaxin  preparation  MN-4  in  two  different 
groups  of  guinea  pigs  when  each  was  maximally  .sensitive.  The  two  curves 
are  in  excellent  agreement,  both  as  to  slope  and  relative  position.  One 
guinea  pig  unit  of  relaxin,  defined  as  the  amount  corresponding  to  a  total 
response  of  120,  is  represented  closely  in  each  instance  by  30-35  micro¬ 
grams  of  MN-4. 

It  is  evident  from  the  facts  outlined  above  that  it  would  be  very  desira¬ 
ble  to  have  available  a  carefully  prepared  and  carefully  assayed  relaxin 
.standard.  The  availability  of  such  a  standard  would  greatly  facilitate  intra- 
and  inter-laboratory  comparisons  of  various  relaxin  preparations.  Our  ex¬ 
perience  indicates  that  such  a  standard  should  be  assayed  in  the  following 
manner:  Forty  to  sixty  immature  virgin  female  guinea  pigs  are  to  be 
ovariectomized  and  then  rested  until  reaching  an  average  weight  of  about 
350  gm.  They  should  then  be  given  a  daily  subcutaneous  injection  of  1  /xg. 
of  estradiol-17|3  dissolved  in  0.05  cc.  of  sesame  oil  for  four  days.  On  the 
morning  of  the  fifth  day,  all  animals  should  be  palpated  and  any  obviously 
relaxed  animals  discarded.  The  others  are  divided  into  four  to  five  groups 
(depending  upon  the  number  available)  of  not  less  than  10  animals  each. 
Solutions  of  the  standard  are  prepared  by  serial  dilution,  the  concentra¬ 
tions  being  chosen  so  that  the  administered  doses  will  fall  on  each  side  of 
the  expected  1  unit  level.  A  dilution  is  assigned  to  each  group  and  the  in¬ 
dividual  pigs  are  injected  subcut aneon.^^ly  with  1  cc.  of  the  solution.  All 

*  R.  L.  Kroc  (1953)  has  called  attention  to  the  necessity  of  checking  the  “eligibility” 
of  the  guinea  pigs  used  for  relaxin  assay. 
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animal'^  are  to  be  palpated  6  hours  later,"  and  the  total  response  of  each 
group  calculated  and  plotted  as  previously  described  (Frieden  and  Hisaw, 
1950).  The  assay  procedure  should  be  repeated  on  alternate  weeks  until 
the  dose  response  curve  reaches  a  maximum  slope  and  indicates  maximum 
sensitivity.  The  potency  of  the  standard  may  then  be  calculated. 

SUMMARY 

A  characteristic  pattern  of  changing  sensitivity  has  been  exhibited  by 
guinea  pigs  being  used  for  relaxin  assay.  A  rapid  increase  in  sensitivity  to 
relaxin  during  the  first  two  to  three  test  doses  is  followed  by  a  period  of 
relative  constancy,  after  which  the  sensitivity  gradually  diminishes  until 
a  completely  refractory  condition  is  reached.  Under  the  conditions  of  our 
experiments,  the  refractory  state  is  reached  within  3-6  months. 

The  decreased  sensitivity  to  relaxin  is  not  reversed  by  increasing  the 
amount  of  estrogen  used  for  priming.  Although  the  development  of  a 
relaxin-specific  antibody  as  a  possible  cause  has  not  been  ruled  out,  experi¬ 
ments  designed  to  test  this  possibility  gave  negative  results. 

Some  qualifications  have  been  introduced  into  the  accepted  relaxin 
assaay  procedure  in  order  to  circumvent  the  additional  variable  of  dimin¬ 
ished  sensitivity.  The  need  for  a  standard  relaxin  preparation  is  empha- 
.sized,  and  a  method  proposed  for  its  standardization. 
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^  It  is  recommended  that  the  .solutions  be  coded  and  that  the  identity  of  each  remain 
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PREVIOUS  investigations  have  indicated  that  the  hypothalamus  con¬ 
trols  the  secretion  of  various  pituitary  hormones,  including  thyrotropin 
and  corticotropin  (Bogdanove  and  Halmi,  1953;  Greer,  1952;  Harris  and 
Jacobsohn,  1952;  Hume,  1952;  McCann,  1953).  Amphenone  (1,2  bis- 
(p-aminophenyl)-2-methyl-propanone-l-dihydrochloride)  has  been  shown 
by  Hertz,  et  al.  to  cause  marked  adrenal  and  thyroid  hypertrophy  (Hertz, 
.\llen  and  Tullner,  1950).  They  have  also  shown  that  adrenal  hypertrophy 
can  be  selectively  prevented  by  cortisone  administration  without  impairing 
the  goitrogenic  effect  and  that  thyroid  hypertrophj'  can  be  prevented  by 
thyroxin  administration  without  impairing  adrenal  enlargement  in  the 
amphenone-t rented  animals  (Hertz,  Tullner  and  Allen,  1951).  Both  effects 
are  lacking  in  the  hypophysectomized  animal  (Hertz,  Allen  and  Tullner, 
1950).  It  is  presumed  that  amphenone  causes  adrenal  and  thyroid  hyper¬ 
trophy  by  inhibiting  the  formation  or  secretion  of  their  respective  hor¬ 
mones,  thus  causing  increased  secretion  of  thyrotropin  and  corticotropin. 

In  the  present  study,  amphenone  was  administered  to  rats  with  bilateral 
hypothalamic  lesions  to  see  if  this  would  interfere  with  the  usual  response 
to  the  drug. 

M.\TERI.\LS  AXD  METHODS 

Hilateral  hypothalamic  lesions  were  produced  in  adult  female  Iloltzman  rats  with  a 
modified  KrieR  machine  (Greer,  Mencken  and  Bolen,  195.5)  by  a  technicpie  |)reviously 
described  (Greer,  1951).  One  to  three  weeks  postoperatively  the  operated  animals  and  a 
comparable  control  gioup  were  administered  ami)henone,  200  mj;;.  i)er  kg.  body  weight 
daily  by  stomach  tube,  for  10  to  14  days.  .\t  the  end  of  that  time  the  animals  were  killed 
with  chloroform  and  adrenals  and  thyroids  cleanly  dissected  and  weighed  on  a  Roller- 
Smith  200  mg.  torsion  balance.  The  glands  were  then  fixed  in  foi  malin.  Sections  were 
made  at  10  micra  and  stained  with  hematoxylin  and  eosin.  The  heads  were  removed  and 
tiimmed,  most  of  the  calvarium  removed  and  the  head  then  fixed  in  formalin  for  one 
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week.  Serial  sections  of  hypothalamus  and  pituitary  were  made  at  10  micra,  each  tenth 
section  being  mounted.  The  brain  tissue  was  stained  with  toluidin  blue  for  6  hours,  the 
pituitarics  with  hematoxylin  and  eosin.  Eight  separate  experiments,  utilizing  a  total  of 
51  control  animals  and  68  animals  with  hypothalamic  lesions,  were  i)erformed  in  this 
study.  Body  weights  at  the  initiation  of  treatment  with  amphenone  and  at  autopsy  are 
reported. 

Groups  A,  B,  D  and  L  had  lesions  just  above  the  median  eminence.  Groups  C,  J,  K. 
X  and  O  had  lesions  in  the  median  eminence.  Groups  E,  F,  G,  H,  I  and  M  had  lesions 
in  the  posterior  hypothalamus  or  juncture  of  mid-  and  posterior  hypothalamus.  The 
lesions  were  placed  as  indicated  in  Table  1.  Anterior  coordinates  are  referred  to  the  ear 
bars  as  O.  Vertical  and  lateral  coordinates  are  referred  to  the  base  of  the  skull  ami  the 
median  sagittal  suture,  res|)ectively,  as  O.  All  lesions  were  made  with  a  current  of  6  ma. 
for  15  seconds  with  each  insertion  of  the  needle  with  the  exception  of  Groups  L  and  M 
in  which  6  ma.  for  30  seconds  was  used  bilaterally. 


Table  1.  Body  and  o^iAX  weights  ok  rats  given  amphenone 


Kxp. 

Group 

So. 

Body  »t.,  gm. 

Thyroid, 

Adrenals, 

Lesions 

rata 

Initial 

Final 

mg. 

ing. 

Ant. 

Vert 

Lat. 

I 

A 

s 

328.0 ±  5* 

291.0+  6 

18. 1±  1.4 

125.7  +  10.9 

6.5 

0.5 

0.5 

(’ontrol 

5 

272.0+  6 

226.4  ±15 

43. 4±  2.0 

160.7±26.4 

II 

B 

6 

262.0  ±13 

204.0+13 

16.8+  1.1 

123.2  +  18.5 

6.0 

0.5 

0.5 

C 

5 

282.0+16 

204.0  ±36 

21. 9 ±  3.2 

142.4±22.6 

6.0 

0 

0.5 

Control 

5 

260.0±I4 

228. 0  ±  5 

41. 5±  1.9 

1.50.9±17.6 

III 

D 

6 

295.0  +  8 

270.0  +  9 

17. 6±  1.4 

140.0±15.4 

6.5 

0.5 

0.5 

Control 

6 

265.0+  4 

223.0  ±  8 

45. 7±  2.8 

152.1±18.2 

IV 

E 

2 

221.0  +  21 

238.0  ±12 

41. 5±  2.5 

136. 5±  7.2 

4.0 

0.5 

0.5& 

1 .0 

0.5  & 
1.0 

0.5 

F 

3 

242.7  ±13 

240.0±17 

47.1±11.9 

112.8±10.5 

4.3 

0.5 

G 

6 

270. 0±  11. 6 

260.8  ±22.2 

30. 8±  6.7 

95.6+  8.4 

5.5 

0 

font  rol 

6 

256. 3 ±  4 

261. 5±  5.6 

39.3 ±  4.0 

114. 8±  6.4 

V 

H 

4 

230.5  ±24.8 

23I.0±20.5 

30. 5±  5.6 

96. 7±  14.7 

4.7 

0.5 

0.5  & 

Control 

5 

253. 6  ±  5.1 

236. 0  ±  9.6 

42. 1±  5.6 

112. 6±  9.6 

VI 

I 

5 

281 .6  ±15.3 

213. 4±  9.6 

31. 0±  2.1 

105.9+  7.9 

5.5 

0 

0.7 

J 

2 

326. 0  ±  0.0 

233.5+  1.5 

17.3+  2.7 

62.0+  6.0 

6.0 

0 

0.7 

Control 

6 

252.7 ±  5.0 

233.7  ±13.0 

41. 1±  1.5 

111.3+  6.6 

VII 

K 

6 

226. 3 ±  6.3 

232.5+10.0 

18.1 ±  1.3 

79.0+  4.3 

6.0 

0 

0.5 

I. 

3 

267. 0±  17.7 

255. 0±  18.7 

18.2+  2.3 

99.7  +  25.2 

6.0 

0.5 

0.5 

M 

3 

217.3±13.3 

197.3±10.0 

23. 7±  1.8 

104. 4±  7.4 

5.6 

1.0 

0.5 

Control 

6 

220. 0  ±  3.3 

220. 0  ±  4.3 

42. 6±  2.8 

108. 4±  3.2 

VIII 

N 

7 

224.1+  9.3 

191.1+  9.6 

13.8+  2.0 

114.7±11.4 

6.0 

0 

0.7 

O  (untreated) 

5 

247. 0  ±  8.2 

259.2  +  8.4 

11.4+  1.1 

41.1 ±  3.5 

6.0 

0 

0.7 

1  Control 

C'ontrol 

« 

210. 7±  4.0 

213. 0±  4.3 

25. 7±  2.7 

128. 4±  4.2 

(untreated) 

0 

1  208. 1±  3.1 

217. 5±  4.8 

11. 9±  0.4 

02. 8±  3.2 

♦  Standard  error  of  mean. 


RESULTS 

All  lesions  in  the  median  eminence  or  just  above  it  markedly  inhibited 
the  goitrogenic  re.sponse  to  amphenone  exhibition  (Table  1).  Lesions  in  the 
posterior  hypothalamus  did  not  alTect  the  goitrogenic  response  except  for 
moderate  inhibition  when  the  lesions  approached  the  region  of  the  median 
eminence.  In  striking  contrast  to  this  was  the  failure  of  the  lesions  to  in¬ 
hibit  significantly  the  adrenal  hypertrophy  cau.sed  by  amphenone,  with  the 
exception  of  Groups  J  and  K  which  had  lesions  in  the  median  eminence. 
Groups  C  and  N,  however,  also  with  extensive  lesions  in  the  median  emi- 
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nence  did  not  have  significant  impairment  of  the  adrenal  hypertrophy  in 
response  to  amphenone.  Histologic  examination  of  the  adrenals  showed  the 
usual  hypertrophy  and  hyperplasia  seen  in  amphenone-treated  animals 
with  the  exception  of  Groups  J  and  K.  The  thyroids  of  the  hypothalamic 
animals,  however,  excluding  those  with  posterior  lesions,  were  indistin¬ 
guishable  from  the  glands  of  untreated  control  animals,  in  contrast  to  the 
marked  hyperplasia  exhibited  in  the  amphenone-treated  intact  controls. 

GROUP  N  “Amph»nofK  Tfottd  •  • 


Ooyt 

Fig.  1.  Daily  water  coii.sumj)tion  of  rats  with  hypothalamic  lesions 
(Experiment  VUI). 

Groups  N  and  O,  in  addition,  had  mea.surements  made  of  the  daily 
water  comsumption  (Fig.  1).  Diabetes  insipidus  was  produced  in  both 
groups.  Only  group  N  received  amphenone.  Shortly  after  the  inception  of 
treatment  with  this  drug  a  reduction  in  the  water  intake  was  noted.  This 
was  probably  related  to  the  considerable  weight  lo.ss  which  the  animals  un¬ 
derwent  during  amphenone  treatment.  The  water  intake  was  not  meas¬ 
ured  in  the  other  groups. 

In  Experiment  8,  total  adrenal  fat  and  cholesterol  analyses  were  made 
by  Miss  Lois  Hallman.  In  both  the  intact  and  lesioned  rats  fed  amphenone 
the  customarj'  marked  increa.se  in  adrenal  lipid  was  noted  (Table  2).  Al¬ 
though  the  total  fat  and  cholesterol  were  somewhat  higher  in  the  control 
rats  with  hypothalamic  lesions  than  in  the  untreated  intact  controls,  the 

Tabi.k  2.  .Vdrkxai.  totai.  i.irii>  am>  ciioi.esteroi,  ix  Experiment  VIII 


Ciioiip 

Hypotlni- 
himic  Ic.xion 

.\mpluMionc 

.Vdrcnal 
wt.,  mg. 

Total  lipid  % 

(’hole.'storol 

% 

Control 

t) 

0 

62.8+  3.2* 

13.4+0.5 

4.00  +0.82 

Control 

0 

+ 

128.4+  4.2 

21. 3  ±1.1) 

11.78  +  1.3 

O 

+ 

0 

41.1+  3.5 

16.3  +  1.2 

6.47+0.65 

X 

+ 

+ 

114.7  +  11  .4 

26.8+0.1) 

14.1  ±0.73 

*  Stiindiird  Error. 
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absolute  values  were  not  significantly  different.  The  difference  may  have 
been  due  to  the  smaller  adrenal  weight  in  the  lesioned  animals. 

A  marked  reduction  in  the  number  of  cells  in  the  supraoptic  and  para¬ 
ventricular  nuclei  was  frequently  .seen  in  the  animals  with  median  emi¬ 
nence  lesions.  This  seemed  to  bear  little  relation  to  whether  the  adrenals 
would  become  enlarged  under  amphenone  treatment,  however.  Some  ani¬ 
mals  with  almost  complete  atrophy  of  supraoptic  and  paraventricular 
nuclei  would  have  huge  adrenals  while  in  a  few  animals  whose  adrenals  did 
not  show  any  hypertrophy  these  nuclei  showed  little  change  from  normal. 

The  pituitaries  in  general  had  no  gross  abnormalities  in  their  morphology 
other  than  the  hypertrophy  of  the  intermediate  lobe  and  atrophy  of  the 
posterior  lobe  noted  by  Bogdanove  and  Halmi  (19o3).  In  a  few  there  was 
an  area  of  infarction  present. in  the  lateral  anterior  lobes  similar  to  that 


Fig.  2.  Semidiasramatic  representation  of  rat  hypothalamus  in  a  midsagittal  projec¬ 
tion.  Hatching  indicates  area  affecting  thyrotrojiin  secretion,  cross-hatching  indicates 
area  destroyed  when  adrenal  hypertrophy  due  to  amphenone  is  inhibited.  Ant.  =  an¬ 
terior  hypothalamic  area;  Inf.  =  infundibulum;  M.B.  =  mammillary  bodies;  M.E. 
=  median  eminence;  O.C.  =optic  chiasm;  O.N.=optic  nerve;  P.V.  =  paraventricular 
nucleus;  Sch.  =suprachiasmatic  nucleus;  V.M.  =  ventromedian  nucleus;  III  V  =  third 
ventricle. 

previously  noted  (Greer,  1951).  The.se  infarcts  were  usually  quite  small, 
however,  and  did  not  .seem  correlated  with  the  pre.sence  or  absence  of 
adrenal  hypertrophy  in  response  to  amphenone. 

DISCUSSION 

These  results  confirm  the  earlier  reports  that  anterior  hypothalamic  le¬ 
sions  will  prevent  thyroid  hypertrophy  resulting  from  administration  of 
goitrogenic  compounds  (Bogdanove  and  Halmi,  1953;  Greer,  1951).  They 
also  show  that  lesions  placed  in  the  area  described  do  not  interfere  signifi¬ 
cantly  with  the  adrenal  hypertrophy  caused  by  amphenone  with  the 
exception  of  an  inconstant  inhibition  of  adrenal  hypertrophy  caused  by 
lesions  in  the  median  eminence. 

Hertz  et  al.  have  shown  that  hypophy.sectomy  or  cortisone  will  prevent 
adrenal  hypertrophy  from  amphenone  administration.^ Amphenone  will 
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not  cause  adrenal  hypertrophy  in  hypophysectomized  rats  whose  adrenals 
are  maintained  with  corticotropin  (Hertz  and  Tullner,  unpublished  data). 

It  is  thus  quite  likely  that  the  hypertrophy  is  due  to  an  increased  secretion 
of  corticotropin  by  the  pituitary.  It  appears,  therefore,  that  the  hypothalam¬ 
ic  lesions  usually  did  not  interfere  appreciably  with  the  secretion  of 
corticotropin  but  that  anterior  lesions  did  markedly  inhibit  thyrotropin 
secretion.  The  hypothalamic  areas  controlling  thyrotropin  and  cortico¬ 
tropin  secretion  by  the  pituitary  would  thus  appear  to  be  discrete.  This 
confirms  earlier  evidence  suggesting  that  independent  hypothalamic  areas 
control  the  secretion  of  various  pituitary  hormones  (Bogdanove  and  Halmi, 
1953;  Clreer,  1952;  Greer,  1953).  The  area  controlling  thyrotropin  is  limited 
to  a  midline  region  between  the  paraventricular  nuclei  and  median  emi¬ 
nence  (Greer  and  Erwin,  1954).  Only  lesions  in  the  median  eminence  have  so 
far  been  found  to  interfere  with  corticotropin  secretion. 

It  is  of  interest  that  McCann  (1953)  has  found  that  destruction  of  the 
median  eminence  would  interfere  with  the  eosinophil  fall  and  adrenal 
ascorbic  acid  depletion  in  response  to  epinephrine  and  laparotomy  in  the 
rat  but  that  the  adrenals  would  not  become  atrophic.  Similar  results  were 
reported  by  Hume  (1954)  in  the  dog.  Ganong  and  Hume  (1954)  have  also 
reported  that  lesions  destroying  all  or  part  of  the  median  eminence  will 
prevent  compensatory  hypertrophy  of  the  remaining  adrenal  following 
unilateral  adrenalectomy  in  the  dog.  No  adrenal  atrophy  due  to  these 
lesions  was  noted,  however. 

The  results  of  the  present  study  indicate  that  extensive  destruction  of 
the  median  eminence  may  not  interfere  with  the  production  of  a  consider¬ 
able  degree  of  adrenal  hypertrophy.  It  also  appears  from  the  data  in  Ex¬ 
periment  8  that,  in  spite  of  this,  a  significant  degree  of  adrenal  atrophy  can 
be  produced  by  means  of  similar  lesions. 

It  has  recently  been  suggested  by  McCann  and  Brobeck  (1954)  that 
pitressin  is  the  substance  controlling  corticotropin  secretion.  The  results 
with  Groups  N  and  O  in  this  series  do  not  seem  to  lend  support  to  this 
hypothesis.  In  both  groups  there  was  relatively  complete  destruction  of 
the  anterior  median  eminence.  In  Group  O  there  was  considerable  reduc¬ 
tion  in  adrenal  size  compared  with  the  untreated  controls.  In  spite  of  this, 
however,  the  adrenals  hypertrophied  to  approximately  the  same  extent  in 
the  amphenone-treated  animals  with  median  eminence  destruction  in 
(Jroup  N  as  in  the  amphenone-treated  normal  animals.  Both  groups  had 
rather  marked  diabetes  insipidus.  A  reduction  in  water  intake  was  induced 
in  Group  N  by  amphenone  treatment  and  it  is  possible  that  this  may  have 
been  due  to  increased  release  of  pitressin  by  the  hypothalamus.  However, 
it  is  more  likely  that  the  reduction  in  water  intake  was  due  to  the  reduced 
food  intake  and  weight  loss  caused  by  amphenone  treatment.  In  any  event, 
coupled  with  the  lack  of  correlation  between  atrophy  of  supraoptic  and 
paraventricular  nuclei  and  absence  of  amphenone  induced  adrenal  hyper- 
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trophy,  the  results  cast  some  doubt  on  the  role  of  pitressin  in  controllitjg 
corticotropin  secretion. 


SUMMARY 

Bilateral  anterior  hypothalamic  lesions  prevented  the  goitrogenic  re¬ 
sponse  to  amphenone  administration  in  the  rat  but  did  not  significantly 
interfere  with  the  adrenal  hypertrophy  caused  by  amphenone.  Destruction 
of  the  median  eminence  sometimes  inhibited  amphenone-induced  adrenal 
hypertrophy  and  at  other  times  did  not.  Posterior  hypothalamic  lesions 
did  not  significantly  affect  corticotropin  secretion  and  inhibited  thyro¬ 
tropin  secretion  only  when  they  encroached  upon  the  median  eminence. 
This  indicates  that  the  hypothalamic  centers  controlling  thyrotropin  and 
corticotropin  production  by  the  pituitary  are  discrete.  The  area  controlling 
thyrotropin  is  located  more  anteriorly  and  above  that  controlling  cortico¬ 
tropin.  The  corticotropin  area  seems  limited  to  the  region  of  the  median 
eminence.  It  is  suggested  that  pitressin  may  not  play  a  significant  role  in 
the  control  of  corticotropin  secretion. 
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EFFECTS  OF  ASCORBIC  ACID  PRETREATMENT  ON  THE  RESPONSE 
OF  BLOOD  GLUCOSE  AND  ADRENAL  CHOLESTEROL 
IN  THE  INTACT  RAT  TO  INSULIN 

An  influence  of  large  amounts  of  ascorbic  acid  in  the  response  of  the  adrenal  gland 
and  total  organism  to  stress  has  been  variously  proposed  and  denied  (Dugal  and  Th^rien, 
1949;  Th^rien  et  ah,  1949;  Booker  et  ah,  1951;  D’Angelo  et  ah,  1955;  Knobil  and  Fregly, 
1955).  Presumably,  ascorbic  acid  interacts  with  or  modifies  i)rocesses  in  tissues  that 
promote  adjustments  of  the  organism,  via  mechanisms  yet  unknown,  to  noxious  con¬ 
ditions.  Experimental  studies  indicate  that  ascorbic  acid  is  involved  in  carbohydrate 
metabolism  since  high  blood  sugar  (Sigal  and  King,  1936),  decreased  glucose  tolerance 
and  low  liver  glycogen  (Banergee  and  Ghosh,  1946)  were  reported  in  the  scorbutic  guinea 
l)ig.  It  may  be  noted  in  this  regard  that  a  decreased  insulin  sensitivity  is  one  of  the  no¬ 
table  metabolic  alterations  found  in  stress  (Engle,  1951).  This  paper  reports  the  changes 
in  blood  glucose  levels  and  adrenal  cholesterol  concentration  in  ascorbic  acid  pretreated 
rats  following  insulin  administration. 


METHODS 

Male  rats  weighing  356-400  gm.  were  used.  A  laboratory  chow  and  tap  water  were  pro¬ 
vided  ad  lib.  prior  to  and  during  the  experiment.  Single,  daily,  subcutaneous  injections  of  .50 
mg.  or  250  mg.  of  ascorbic  acid*  per  100  gm.  body  weight  or  an  equivalent  amount  of  saline 
were  administered  on  four  successive  days.  One  hour  after  the  regular  injection  on  the  4th 
day  a  prolonged  anesthesia  was  induced  with  nembutal  and  sodium  barbital  (Semonsen  and 
Sawyer,  1954)  to  avoid  effects  of  non-specific  stimuli  affecting  the  information  obtained  dur¬ 
ing  the  remainder  of  the  experiment.  Regular  insulin  (0.24  units  per  rat)  or  saline  (0.2  cc.) 
was  injected  subcutaneously.  Tail  blood  for  glucose  determinations  (Nelson,  1944)  were  ob¬ 
tained  directly  before  insulin  injection  and  then  at  30,  60,  90  and  120  minutes  from  rats  pre¬ 
treated  with  50  mg.  of  ascorbic  acid  and  their  saline  controls.  Tail  blood  glucose  determina¬ 
tions  also  were  done  in  groups  of  rats  pretreated  with  50  mg.  or  250  mg.  of  ascorbic  acid  and 
their  saline  counterpart  immediately  before  insulin  injection  and  at  1,  2,  3,  and  4  hours.  In 
addition,  rats  pretreated  with  both  levels  of  ascorbic  acid  were  given  a  single  saline  injection, 
s.c.  and  subjected  to  the  same  procedures  as  above  mentioned.  Equal  numbers  of  rats  repre¬ 
senting  each  category  of  pretreatment  were  used  concurrently.  Immediately  after  the  last 
tail  blood  sample  was  obtained,  heart  blood  for  ascorbic  acid  (Uo«^  and  Keuther,  1943), 
a  specimen  of  liver  for  glycogen  (Good,  et  ah,  1933),  and  the  adrenal  glands  for  cholesterol 
determinations  (Scho«‘nheimer  and  Sperry,  1934)  were  taken. 

RE.SULTS 

Blood  ascorbic  acid  concentration  in  ascorbic  acid-pretreated  rats  was  6-8  times 
greater  than  controls.  Liver  glycogen,  adrenal  weight,  and  adrenal  cholesterol-total, 
free  and  esterified  were  not  deviate  in  ascorbic  acid  and  saline-pretreated  rats  at  2  and 
4  hours  after  insulin  injection  or  ascorbic  acid  pretreated  rats  not  administered  insulin 
(Table  1).  The  latter  observations  are  in  accord  with  the  findings  of  Skelton  and  Fortier 
(1951). 

The  pattern  of  blood  glucose  changes  after  insulin  were  not  different  in  ascorbic  acid 
and  saline-pretreated  rats  observed  for  2  and  4  hours  (Figs.  1  and  2).  Glucose  levels  were 
maximally  depressed  (approx.  40%  from  pre-insulin  levels)  between  1  and  2  hours  after 
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*  Sodium  ascorbate  (Abbott  Laboratories),  500  mg.  per  cc. 
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Table  1.  Effect  of  ascorbic  acid  pretreatmext  ox  liver  glycogen,  adrenal 

WEIGHT  AND  ADRENAL  GLAND  CHOLESTEROL  CONCENTRATION  2  AND  4  HOI  RS 
AFTER  INSI  LIN  ADMINISTRATION 


Ex|H' 

litncnt  1* 

Exp< 

MitneiK  11 

a* 

Experiment  ! 

II  b 

Saline 

I’re-R* 

Ascorbic 

Pic-Hx 

Saline 

Pre-IIx 

Ascorbic 

l>re-Rx 

Saline 

I»ie-Hx 

Ascoibic 

l*re-Rx 

Insulin 

lasulin 

Insulin 

Insulin 

Saline 

In.xulin 

Insulin 

Saline 

Blood  ascorbic  acid,  nig.% 

- 

2.1> 

0.58 

3.645 

4.145 

0.74 

3.995 

4.255 

Liver  Klycofsen  f:in.% 

2.55 

1.9 

2.45 

2.60 

2.51 

1.29 

0.89 

0.57 

Adrenal  wt.,  iike.  per  100  riii.  b.w. 

8.66 

9.25 

9.83 

10.60 

9.25 

9.07 

9.60 

10. 10 

Adrenal  cholesterol  mg.  100  gm. 
adrenal 

Total  chol. 

.15.95 

31.38 

.14.95 

34.76 

29.39 

27.80 

30.59 

29.00 

Free  chol. 

2.00 

3.42 

3. 14 

3.47 

3.18 

1.53 

2.06 

2.69 

Ester  Chol. 

34.04 

27.96 

31.61 

31.28 

26.17 

26. 10 

28.50 

26.30 

*  Experiment  1:  tissues  obtained  2  hrs.  after  insulin  administration;  Experiment  II:  tissues  obtained  4  hrs.  after 
insulin  or  saline  administration.  See  text  for  ascorbic  acid  pretreatment  dose  and  injection  schedule. 

1  All  figures  are  means  from  6  animals  in  each  ^roup. 

§  All  means  were  tested  for  statistical  diffesence  but  only  those  indicated  by  this  §  sign  were  found  to  be  significantly 
different  from  values  of  saline-pretreat ed  groups. 


insulin  in  saline  and  ascorbic  acid-jiretreated  groups.  It  is  unlikely  that  a  difference  in 
insulin  sensitivity  was  extant,  but  masked,  in  the  latter  animals  since  the  jire-insulin 
glucose  levels  were  not  significantly  different  in  the  groups  with  both  types  of  pretreat¬ 
ment. 


DISCUSSION 

Allegretti  and  Vukadinovic  (1954)  reiiorted  that  four  hourly  injections  of  large 
amounts  of  ascorbic  acid  after  insulin  administration  caused  an  increased  insulin  sensi- 

Figures  1  and  2.  Blood  glucose  response  to  insulin  in  rats  pretreated  with  ascorbic 
acid.  Values  are  Mean  (  +  S.E.)  per  cent  difference  from  pre-insulin  glucose  level  of  G 
animals  in  each  groui).  .4;  Ascorbic  acid  jiretreated  following  saline  injection;  B:  Saline 
pretreated  following  0.24  unit  insulin;  C:  Ascorbic  acid  pretreated  following  0.24  unit 
insulin. 


MINUTES  AFTER  INSULIN 

Fig.  1.  Rats  pretreated  with  50  mg.  ascorbic  acid/100  gm.  body  weight  for  4  days. 
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tivity  in  intact  rats  init  not  in  adrenalectomized  rats  (Allesretti  et  nl.,  1955).  The  diffei- 
ence  in  {glucose  responsiveness  to  insulin  in  the  intact  rat  reported  by  the  foi  nier  authors 
and  us  is  not  readily  explainable  since  the  experiments  are  not  exactly  comparable  in 
conceidion  nor  many  details  of  execution. 

The  results  of  this  study  show  that  ascorbic  acid  pretreatment  failed  to  imxlify  in¬ 
sulin  sensitivity  or  affect  liver  ^lycoKen  and  i)ost-prandial  blood  {glucose  concentrations. 
Moreover,  there  was  no  indication  that  exogenous  ascorbic  acid  exerted  an  influence  on 
gross  adrenocortical  activity,  as  reflected  in  adrenal  gland  cholesterol  concentration,  in 
response  to  insulin-induced  hyjjoglycemia.  It  a))pears  improbable,  therefore,  that  a 
change  in  insulin  responsiveness  can  be  offered  to  explain  the  reported  influence  of  ad¬ 
ministered  ascorbic  acid  in  the  res'ljonse  of  the  organism  to  stress.  It  is  suggested  that  the 
contradictory  status  of  this  subject  might  be  resolved  by  the  concept  that  studies  of  the 
effects  of  ascorbic  acid  on  metabolic  parameters  associated  with  stress  phenomena  would 
elucidate  the  relationship  of  vitamin  C  and  the  response  of  the  organism  to  stress,  if  it 
exists. 


SUMM.\HY 

Ascorbic  acid  pretreatment  (at  levels  of  50  mg.  or  2.50  mg.  |)er  100  gm.  body  weight 
for  4  days)  in  intact  rats  failed  to  modify  the  response  of  the  blood  glucose  to  insulin 


MINUTES  after  insulin 

b 

Fig.  2a:  Ascorbic  acid  pretreatment  as  above;  Fig.  2b:  Rats  pretreated  with  2.50  mg. 
ascorbic  acid/ 100  gm.  body  weight  for  4  daj’s. 
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during  the  course  of  4  hours  of  observation.  Likewise,  other  i)arameters  of  carbohydrate 
metabolisin  aj)j)eared  unaffected  by  ascorbic  acid  pretreatment;  and  the  response  of 
adrenal  cholesterol  concentrations  to  insulin-induced  hypoglycemia  was  not  different 
from  saline-pretreated  lats. 

Mi  KiEL  Dlky  and  Aiiuauam  Dl'uy 

Dorn  Lahuratori/  fur  Medical  Uesearch 
Bradford  Hospital 
Bradford.  Pennsylvania 
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PITUITARY-ADRENAL  CONTROL  OF  SODIUM 
FLUX  ACROSS  FROG  SKIN‘ 

The  well-known  ability  of  the  isolated  skin  of  the  frog  to  transport  sodium  ion  against 
a  gradient  of  electrochemical  potential  is  influenced  by  extracts  of  the  posterior  lobe  of 
the  pituitary  gland  (Fuhrman  and  Ussing,  1951)  and  by  adrenaline  (Koefoed-Johnson, 
Ussing  and  Zerahn,  1952).  The  general  activity  of  certain  adrenal  steroids  on  salt  balance 
in  mammals  leads  one  to  suspect  that  these  substances  might  also  act  on  sodium  trans¬ 
port  across  frog  skin,  and  that  such  effects  might  be  of  value  in  the  study  of  the  mech¬ 
anism  of  adrenal  steroid  action  in  general.  There  are  reports  of  effects  of  desoxy corti¬ 
costerone  glucoside  on  frog  skin  potentials  (Taylor  and  Weinstein,  1952),  and  on  water 
uptake  by  whole  toads  (Pasqualini  and  Risau,  1951),  but  Huf  and  Wills  (1953)  and 
Krueger  in  this  laboratory  (unpublished)  were  unable  to  show  any  direct  effect  of  ad¬ 
renal  cortex  extracts  on  isolated  skins;  Huf  and  Wills  (1953)  did  find  that  pretreatment 
of  frogs  with  adrenocorticotrophic  hormone  caused  a  decrease  in  salt  uptake.  Injections 

Received  January  30,  1956. 

‘  This  work  was  done  in  connection  with  contract  Nonr  692(00)  between  the  Biology 
Branch,  Office  of  Naval  Research,  and  the  University  of  Oregon. 
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of  cortex  extracts  into  tadpoles  of  the  bullfrog  Rana  catesbeiana  cause  a  decrease  in  ash 
content  which  is  partly  attributable  to  decreased  sodium  content,  but  no  changes  in 
sodium  excretion  could  be  established  (Neiland,  unpublished). 

Surgical  removal  of  the  interrenal  glands  has  been  reported  by  several  investigators; 
Maes  (1936),  Cerf  (1955)  and  Fowler  and  Jones  (1955)  report  that  in  frogs  an  asthenia 
follows  this  operation,  and  Cerf  (1955)  attributes  this  to  changes  in  the  nervous  system 
resulting  from  an  altered  sodium  potassium  ratio  in  the  blood.  The  operation  of  inter- 
renalectomy  involv-es  unavoidable  damage  to  the  kidney  circulation,  however,  and  there 
is  no  certainty  that  accessory  interrenal  tissue  has  been  removed.  We  therefore  took  ad¬ 
vantage  of  the  fact  that  the  interrenals  of  frogs,  like  the  adrenal  cortex  of  higher  verte- 

Table  1.  Effect  of  hypophysectomy  and  .\CTH  injections  on  potential  and 
SODIUM  FLUXES  ACROSS  ISOLATED  SKIN  OF  RANA  PIPIENS 


Influx  refers  to  movement  from  epidermis  to  corium;  the  corium  is  electrically  positive 
to  the  epidermis.  Values  are  means  for  the  first  two  hours  of  measurement. 


Treatment 

Normal 

Hypophy¬ 

sectomized 

Normal, 

ACTH 

injected 

Hypophy¬ 

sectomized 

ACTH 

injected 

Potential  difTerence,  millivolts 

31 .8 

33.0 

32.8 

44.7 

Sodium  Influxf 

34.5 

30.4 

34.8 

28.2 

Sodium  Outfluxf 

1.5 

0.8 

3.0 

2.2 

Net  Transport! 

33.0 

20.6 

31 .8 

26.0 

Flux  Ratio 

23.0 

5.0 

11.6 

12.8 

A  nalysis  of  variance 


Source  of 
Variance 

Degrees  of 
freedom 

Sum  of 
squares 

Variance 

Variance 

ratio 

Potential 

T  otal 

50 

8,820.00 

Difference 

Treatments 

3 

1,265.55 

421.85 

3.12* 

Remainder 

56 

7,563.45 

135.06 

Influx 

Total 

53 

16,005.50 

Treatments 

3 

2,023.63 

074.54 

3.46* 

Remainder 

50 

14,071 .87 

281 .47 

Outflux 

Total 

20 

1,102.17 

T  reatinents 

3 

441 .67 

147.22 

5.70** 

Remainder 

26 

660.50 

25.40 

t  .\rl)itrary  units. 

*  Significant  at  the  5%  level. 
**  Significant  at  the  1%  level. 


brates,  are  under  pituitary  control  (Atwell  1935,  1937,  Tuchman-Duplessis,  Delgatte 
and  Delgatte,  1955).  We  compared  skin  potentials,  and  sodium  influx  or  outflux,  in 
normal  frogs  {Rana  pipiens),  hypophysectomized  frogs,  normal  frogs  injected  with  adre- 
nocorticotrophic  hormone  (ACTH)  and  hyiiojiliysectomized  frogs  similarly  injected. 
Only  the  anterior  pituitary  was  removed,  and  only  results  from  those  frogs  which  showed, 
on  |)ost  mortem  examination,  completi*  absence  of  anterior  jiituitary  tissue  were  used  in 
the  analysis  (»f  Table  1.  It  should  be  noted  that  the  hypophysectomized  animals  showed 
no  signs  of  asthenia,  contrary  to  the  ob.servations  of  Fowler  and  Jones  (19.5.5)  on  R. 
tcmporaria.  Two  weeks  after  the  operation,  the  skins  were  removed  from  the  animals 
jirejiared  and  mounted  as  described  by  Fleming  (195.5)  in  the  small-volume  chamber 
designed  by  him.  Influx  and  outflux  were  measured  on  separate  skins  with  Na“. 

If  we  accejit  the  1%  level  of  statistical  .significance,  it  apiiears  from  Table  1  that 
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hyjK)physectomy  is  followed  by  a  distinct  increase  in  the  outflux  of  sodium  ion  across 
the  skin.  This  may  be  interpreted  as  an  increase  in  the  passive  permeability  of  the  skin 
to  sodium  ion.  Treatment  of  hypophysectomized  animals  with  ACTH  returns  the  out¬ 
flux  essentially  to  normal.  We  may  therefore  with  reasonable  confidence  attribute  the 
control  of  outflux  to  interrenal  secretions.  Treatment  of  normal  animals  with  ACTH  was 
without  effect  on  any  of  the  quantities  measured.  At  the  5%  level  of  significance  it  also 
appears  that  hypophysectomy  is  followed  by  increased  sodium  influx.  This  might  simply 
l)e  the  result  of  increased  |)ermeability  to  .sodium  ion,  but  the  net  transport  inwards  seems 
also  to  be  increased;  this  suggests  a  second  effect,  on  the  transport  mechanism  itself. 
Once  again,  treatment  with  ACTH  restores  the  influx  and  net  transport  to,  and  in  this 
case  appears  to  shift  both  below,  the  normal  level.  One  may  also  note  a  somewhat 
higher  potential  difference  across  the  skins  of  hypophysectomized  animals  treated  with 
ACTH,  as  compared  with  anj'  of  the  other  groups. 

We  would  at  pre.sent  not  wish  to  stress  the  last-mentioned  effects,  but  conclude  that 
the  secretions  of  the  interrenal  glands  of  frogs  normally  hold  the  passive  sodium  perme¬ 
ability  of  the  skin  at  a  low  level, ''and  that  hypophysectomy,  by  removing  the  source 
of  the  corticotrophic  hormone,  results  in  an  increase  in  permeability.  It  should  be  noted 
that  we  found  no  significant  correlation  between  either  influx  or  outflux  and  skin  poten¬ 
tial,  in  contrast  with  the  conclusions  of  Huf  and  Wills  (1953).  Further  experiments  to 
extend  these  observations  are  in  progress. 

Myers,  Rose  Marie,  Warren  R.  Fleming  and  Bradley  T.  Scheer 
Department  of  Biology,  University  of  Oregon 
Eugene,  Oregon 
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AWARDS  OF  THE  ENDOCRINE  SOCIETY 

The  selection  of  the  recipients  of  the  awards  of  The  Endocrine  Society 
is  made  by  a  Committee  appointed  by  the  Council  of  the  Society.  These 
?  wards  and  fellowships  carry  no  obligation  by  the  recipient  to  the  Society 
or  to  the  donors. 

Medal  of  The  Endocrine  Society 

In  1954  the  Council  of  the  Society  voted  to  establish  a  medal  and  an 
honorarium  of  $1,000  to  be  given  to  an  individual  for  work  of  special 
distinction  in  endocrinology.  The  recipient  shall  be  chosen  from  nomina¬ 
tions  presented  by  members  of  the  Society  and  is  limited  to  citizens  of  the 
United  States  and  Canada.  In  1955  the  Medal  was  presented  to  Dr.  Carl 
R.  Moore. 

The  Ciba  Award 

The  Ciba  Award  to  recognize  the  meritorious  accomplishments  of  an 
investigator  not  more  than  35  years  of  age  in  the  field  of  clinical  or  preclin- 
ical  endocrinology  was  established  in  1942,  but  no  recipient  was  selected 
in  1942  or  1943.  In  1944  the  Award  was  presented  to  Dr.  E.  B.  Astwood; 
1945,  Dr.  Jane  A.  Russell;  1946,  Dr.  Martin  M.  Hoffman;  1947,  Dr.  Choh 
Hao  Li;  1948,  Dr.  Carl  Heller;  1949,  Dr.  George  Sayers;  1950,  Dr.  Oscar  M. 
Hechter;  1951,  Dr.  Albert  Segaloff;  1952,  Dr.  Seymour  Lieberman;  1953, 
Dr.  Sidney  Roberts  and  Dr.  Claire  Szego  (Mrs.  Roberts) ;  1954,  Dr.  Isodore 
M.  Rosenberg;  1955,  Dr.  Jack  Gross.  Prior  to  1952  the  Award  was  $1,200. 
It  is  now  $1,800.  If  within  twenty-fourth  months  of  the  date  of  the  Award, 
the  recipient  should  choose  to  use  it  toward  further  study  in  a  laboratory 
other  than  that  in  which  he  is  at  present  working,  it  will  be  increased  to 
$2,500. 

The  Ayerst,  McKenna  and  Harrison  Fellowship 

This  fellowship  was  established  in  1947.  It  is  designed  to  assist  men  or 
women  of  exceptional  promise  in  furthering  their  advancement  towards  a 
career  in  endocrinology.  The  fellowship  is  awarded  on  alternate  years 
(1955,  1957,  etc.)  and  the  stipend  which  will  not  exceed  $5,000  may  be 
divided  into  two  Fellowships  in  varying  amounts  in  accordance  with  the 
qualifications  of  the  appointees.  Individuals  possessing  the  M.D.  or  Ph.D. 
degree  or  candidates  for  either  of  these  degrees  are  eligible  for  appointment. 

Applicants  must  submit  the  following  information: 

(1)  Evidence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 
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(2)  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

(3)  A  proposed  program  of  study. 

(4)  Acceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  Fellowship  will  be  held. 

(5)  A  statement  that  he  or  she  will  serve  full  time  if  awarded  a  Fellow¬ 
ship.  A  small  amount  of  time  (10  to  15  per  cent)  may  be  spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  vol¬ 
untary  basis. 

The  Schering  and  The  Upjohn  Scholars  of 
The  Endocrine  Society 

The  Council  of  The  Endocrine  Society  established  a  category  of  Scholars. 
These  grants  have  been  made  available  through  the  generosity  of  The 
Schering  Corporation  and  The  Upjohn  Company,  and  will  be  awarded  to 
established  investigators  and  teachers  in  the  fields  of  endocrinology  who 
wish  to  extend  their  opportunities  for  work  either  in  this  country  or  abroad. 

The  award  will  not  exceed  $2,500  annually  for  each  individual,  and  shall 
be  granted  on  the  basis  of  proposals  submitted  by  the  applicant  and  such 
applications  should  include  the  estimated  financial  needs.  The  funds  may 
be  used  for  travel,  maintenance  and  other  expenses. 

Nominations 

Nominations  for  the  Medal  of  The  Endocrine  Society;  the  Ciba  Award; 
and  the  Ayerst,  McKenna  and  Harrison  Fellowship  may  be  made  by  any 
member  of  The  Endocrine  Society.  They  should  be  submitted  on  forms 
which  may  be  obtained  from  the  Office  of  the  Secretary,  1200  N.  Walker 
Street,  Oklahoma  City  3,  Oklahoma.  Completed  nominations  should  be 
returned  to  the  Secretary  not  later  than  November  1st  each  year. 

Proposals  for  appointment  as  Scholars  of  The  Endocrine  Society  should 
be  made  in  writing  by  the  individual,  and  addressed  to  the  Secretary  of 
the  Society.  They  should  be  submitted  by  November  1,  1956. 

The  Awards  Committee  will  meet  in  November  and  notice  of  awards  to 
successful  nominees  and  applicants  will  be  made  not  later  than  December  1 , 
1956. 
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THE  EIGHTH  POSTGRADUATE  ASSEIVIBLY  IN 
END()('RINOLOGY  AND  METABOLISM 

Sponsored  jointly  by  the  Endocrine  Society;  The  University  of  Texas 
Postgraduate  School  of  Medicine,  and  the  University  of  Texas 
M.  D,  Anderson  Hospital  and  Tumor  Institute, 

Houston,  Texas. 

October  2-27,  1956 

The  faculty  will  consist  of  twenty-two  eminent  clinicians  and  investiga¬ 
tors  from  various  parts  of  the  country  in  the  fields  of  endocrinology  and 
metabolism.  The  program  will  cover  the  various  endocrinopathies,  with 
emphasis  on  the  clinical  aspects,  demonstration  of  laboratory  tests,  pre¬ 
sentations  of  cases,  and  question-and-answer  panel  discussions.  The  course 
is  designed  to  cover  the  main  aspects  of  diagnosis  and  therapy  in  the  field  of 
endocrinology  and  metabolism  for  the  physician  in  general  practice  and  for 
those  in  other  specialties  who  wish  to  have  a  general  knowledge  of  this 
rapidly  growing  field. 

A  syllabus  with  brief  abstracts  of  lectures  w'ill  be  available  to  the  regis¬ 
trants  at  the  time  of  the  assembly. 

For  further  information  concerning  the  program  and  registration,  write 
to  Dr.  J.  B.  Trunnel,  M.  D.  Anderson  Hospital,  6723  Bertner  Avenue, 
Houston  25,  Texas.  Registration  is  limited  to  100;  tuition  fee  is  .flOO.OO. 
Rooms  will  be  reserved  for  the  students  and  faculty  at  the  Shamrock  Hil¬ 
ton  Hotel  which  is  adjacent  to  the  Texas  Medical  Center. 
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NOTICE 

The  Public  Health  Service  has  aiinouncetl  a  new  procedure  to  expetlite 
the  processing  of  research  grant  applications  for  those  requests  which  do 
not  exceed  S2()00  plus  indirect  costs  and  which  do  not  ask  support  for  more 
than  one  year.  Such  applications  will  be  accepted  and  processed  on  receipt 
and  are  not  therefore  subject  to  the  usual  deadlines  for  submission  prior 
to  review. 

Council  recommendations  can  be  expected  on  these  applications  within 
1-4  months  from  the  time  of  submission.  These  procedures  do  not  apply 
for  requests  for  supplements  to  existing  grants. 

Address  all  applications  As  well  as  requests  for  forms  or  additional  in¬ 
formation  to  the  Division  of  Research  Grants,  National  Institutes  of 
Health,  Bethesda  14,  ^laryland. 
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